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 i 
Executive Summary 
 
Background 
The quality of stormwater runoff from ports is significant as it can be an important 
source of pollution to the marine environment. This is also a significant issue for the 
Port of Brisbane as it is located in an area of high environmental values. Therefore, it is 
imperative to develop an in-depth understanding of stormwater runoff quality to ensure 
that appropriate strategies are in place for quality improvement.  
 
The Port currently has a network of stormwater sample collection points where event 
based samples together with grab samples are tested for a range of water quality 
parameters. Whilst this information provides a ‘snapshot’ of the pollutants being 
washed from the catchment/s, it does not allow for a quantifiable assessment of total 
contaminant loads being discharged to the waters of Moreton Bay. It also does not 
represent pollutant build-up and wash-off from the different land uses across a broader 
range of rainfall events which might be expected. As such, it is difficult to relate 
stormwater quality to different pollutant sources within the Port environment. 
 
Consequently, this would make the source tracking of pollutants to receiving waters 
extremely difficult and in turn the ability to implement appropriate mitigation measures. 
Also, without this detailed understanding, the efficacy of the various stormwater quality 
mitigation measures implemented cannot be determined with certainty.  
 
Current knowledge on port stormwater runoff quality 
Currently, little knowledge exists with regards to the pollutant generation capacity 
specific to port land uses as these do not necessarily compare well with conventional 
urban industrial or commercial land use due to the specific nature of port activities such 
as inter-modal operations and cargo management. Furthermore, traffic characteristics in 
a port area are different to a conventional urban area. Consequently, as data inputs based 
on an industrial and commercial land uses for modelling purposes is questionable. 
 
A comprehensive review of published research failed to locate any investigations 
undertaken with regards to pollutant build-up and wash-off for port specific land uses. 
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Furthermore, there is very limited information made available by various ports 
worldwide about the pollution generation potential of their facilities. Published work in 
this area has essentially focussed on the water quality or environmental values in the 
receiving waters such as the downstream bay or estuary.  
 
The Project 
The research project is an outcome of the collaborative Partnership between the Port of 
Brisbane Corporation (POBC) and Queensland University of Technology (QUT). A key 
feature of this Partnership is the undertaking of ‘cutting edge’ research to strengthen the 
environmental custodianship of the Port area. This project aims to develop a port 
specific stormwater quality model to allow informed decision making in relation to 
stormwater quality improvement in the context of the increased growth of the Port.  
 
Stage 1 of the research project focussed on the assessment of pollutant build-up and 
wash-off using rainfall simulation from the current Port of Brisbane facilities with the 
longer-term objective of contributing to the development of ecological risk mitigation 
strategies for future expansion scenarios. Investigation of complex processes such as 
pollutant wash-off using naturally occurring rainfall events has inherent difficulties. 
These can be overcome using simulated rainfall for the investigations.  
 
The deliverables for Stage 1 included the following: 
• Pollutant build-up and wash-off profiles for six primary land uses within the Port 
of Brisbane to be used for water quality model development. 
• Recommendations with regards to future stormwater quality monitoring and 
pollution mitigation measures. 
 
The outcomes are expected to deliver the following benefits to the Port of Brisbane: 
• The availability of Port specific pollutant build-up and wash-off data will enable 
the implementation of customised stormwater pollution mitigation strategies. 
• The water quality data collected would form the baseline data for a Port specific 
water quality model for mitigation and predictive purposes. 
• To be at the cutting-edge in terms of water quality management and 
environmental best practice in the context of port infrastructure. 
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Conclusions 
The important conclusions from the study are: 
• It confirmed that the Port environment is unique in terms of pollutant 
characteristics and is not comparable to typical urban land uses.  
• For most pollutant types, the Port land uses exhibited lower pollutant 
concentrations when compared to typical urban land uses.  
• The pollutant characteristics varied across the different land uses and were not 
consistent in terms of the land use. Hence, the implementation of stereotypical 
structural water quality improvement devices could be of limited value.  
• The <150µm particle size range was predominant in suspended solids for 
pollutant build-up as well as wash-off. Therefore, if suspended solids are 
targeted as the surrogate parameter for water quality improvement, this specific 
particle size range needs to be removed.  
 
Recommendations 
Based on the study results the following preliminary recommendations are made: 
• Due to the appreciable variation in pollutant characteristics for different port 
land uses, any water quality monitoring stations should preferably be located 
such that source areas can be easily identified.  
• The study results having identified significant pollutants for the different land 
uses should enable the development of a more customised water quality 
monitoring and testing regime targeting the critical pollutants. 
• A ‘one size fits all’ approach may not be appropriate for the different port land 
uses due to the varying pollutant characteristics. As such, pollution mitigation 
will need to be specifically tailored to suit the specific land use. 
• Any structural measures implemented for pollution mitigation to be effective 
should have the capability to remove suspended solids of size <150µm. 
• Based on the results presented and the particularly the fact that the Port land uses 
cannot be compared to conventional urban land uses in relation to pollutant 
generation, consideration should be given to the development of a port specific 
water quality model.  
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PORT OF BRISBANE STORMWATER QUALITY – STAGE 1 
 
RAINFALL SIMULATION TO EVALUATE POLLUTANT BUILD-UP AND 
WASH-OFF FROM SELECTED LAND USES 
 
 
 
1. INTRODUCTION 
1.1 Background 
In recent years ports have been subjected to increasing environmental scrutiny due to 
the nature of their operations and the environmental sensitivity of their locations. In this 
context, the quality of stormwater runoff from port premises merits particular attention 
as it can be an important source of pollution to the marine environment. This is a 
significant issue for the Port of Brisbane. The Port is located at the mouth of the 
Brisbane River, adjacent to the Moreton Bay Marine Park, which is an area of high 
ecological and conservation value. The environment includes: 
• over 150 hectares of mangroves at the rivermouth, which provide a feeding 
habitat for a variety of fish and crustaceans;  
• extensive intertidal flats, which provide a feeding habitat for resident and 
migratory shorebirds; and  
• seagrass areas, which are among the largest in the western Moreton Bay region. 
 
It is also an area under sustained pressure due to Southeast Queensland’s urban growth, 
booming economy and intensive agricultural and tourist activities. In keeping with the 
growing emergence of the Port as a major economic hub for Southeast Queensland, 
there is ongoing development and expansion of the Port footprint. This in turn results in 
increased impervious area and greater potential for stormwater runoff into Moreton Bay 
Marine Park. Therefore, it is imperative to develop an in-depth understanding of 
stormwater runoff quality and to ensure that appropriate strategies are in place for 
quality improvement where necessary. 
 
The Port currently has a network of stormwater sample collection points, including an 
automated event based station for monitoring surface water quality. Event based 
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samples together with grab samples are taken at regular time intervals for testing for a 
range of water quality parameters. The data thus collected is used for monitoring and for 
providing baseline information on the quality of surface water discharging from the 
various port land uses. Additionally, this data can be employed to develop a background 
profile of current surface water quality within the Port.  
 
Whilst this information provides a ‘snapshot’ of the contaminants being washed from 
the catchment/s, it does not allow for a quantifiable assessment of total contaminant 
loads being discharged to the waters of Moreton Bay. It also does not represent 
pollutant build-up and wash-off from the different land uses across a broad range of 
rainfall events which might be expected. Consequently, it is difficult to relate 
stormwater quality to different pollutant sources within the Port environment. 
 
These issues need to be considered in the context of the increased growth of the Port 
and the proposed future developments within the Port expansion area. A more in-depth 
assessment of stormwater quality and an understanding of the total pollutant loads will 
allow appropriate mitigation strategies to be implemented in order to ensure improved 
stormwater discharge quality is achieved. To this end, the Port of Brisbane Corporation 
aims to develop a port specific stormwater model for the Fisherman Islands precinct.  
 
Using the existing land use as the baseline, it should be possible to model, test and 
confirm the effectiveness of existing stormwater controls. The aim is then to expand this 
model across the as yet to be developed port expansion area and to predict pollutant 
loads associated with stormwater flows from this area.  
 
The project has nominally been separated into several stages. The first stage is to 
develop a quantitative understanding of the potential for the generation of pollutant 
loads within the existing Port land uses. This would then be used as input to the Port 
specific stormwater model to be developed in the subsequent stage.  
 
1.2 Scope and outline of the report 
This report discusses the initial phase of the Port of Brisbane Stormwater Runoff 
Quality Study. This phase essentially consisted of very extensive field sample collection 
and laboratory testing of pollutant build-up and simulated stormwater runoff samples 
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from selected land uses. The data analysis undertaken is basic and was in keeping with 
the research objectives and deliverables outlined in Chapter 3. It is expected that further 
detailed analysis of the data would be undertaken in the next phase of the project. The 
next phase would consist of developing a port specific water quality model and the use 
of the data collected for model calibration and validation. 
 
The report as presented consists of a number of chapters. Chapter 2 provides a review of 
current research knowledge relating to stormwater runoff quality based on available 
published research literature. This is quite brief, due to the paucity of research literature 
specifically focussed on the stormwater runoff quality from port specific land uses. An 
outline of the research project is given in Chapter 3. The research tools used, the 
research methodology adopted, site selection, field sampling procedures, laboratory 
testing and data analysis techniques are discussed in Chapter 4. The data analysis and 
discussion of outcomes are provided in Chapter 5. Chapter 6 gives the conclusions, and 
recommendations are provided in Chapter 7. The extensive array of data collected is 
given in a series of appendices. 
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2. OVERVIEW ON PORT STORMWATER QUALITY 
Stormwater quality modelling relies on predetermined values based on land use type to 
assess pollutant loads. Pollutant export relationships and storm and base flow 
concentrations are available for various land uses including residential, commercial, 
industrial, rural residential and forested areas within the Brisbane region (for example 
BCC, 2005). However, seaports present a very different land use.  
 
Currently, little knowledge exists with regards to the pollutant generation capacity 
specific to port land uses. This relates to the explicit nature of activities in a port 
environment and the inherent heterogeneous land use and land cover. A typical port area 
such as the Brisbane Port consists of a number of different precincts and land uses. 
Whilst it maybe argued that port land use reflects that of industrial or commercial land 
use, the specific nature of port activities such as inter-modal operations and cargo 
management presents a different operation unlikely to have been replicated in past 
monitoring programs or modelling scenarios. All these different land uses do not 
necessarily compare well with conventional urban industrial or commercial areas and 
should not be equated as such. The nature of the catchment is also likely to be 
significantly different in terms of influential parameters such as land cover and 
impervious area. Secondly, traffic related factors have been shown to be among the 
most important sources of stormwater pollution (Bannerman et al., 1993; Healthy 
Waterways, 2003). The traffic characteristics in a port area are different to a 
conventional urban area. This relates to the vehicle mix such as the far greater 
prevalence of heavy vehicles, diesel combustion vehicles and vehicle speeds. 
Consequently, the types of pollutants and Event Mean Concentrations (EMCs) used as 
data inputs based on an industrial and commercial land use mix for modelling purposes 
is highly questionable and can lead to gross error.  
 
A comprehensive review of published work failed to locate any investigations 
undertaken with regards to pollutant build-up and wash-off for different port specific 
land uses. Published work in this area has essentially focussed on the water quality or 
environmental values in the receiving waters such as the downstream bay or estuary (for 
example Connell et al., 1998; He & Morrison, 2001; Jones et al., 2005). Though the 
receiving waters are of environmental importance, the lack of characterisation of water 
quality from an important stormwater generation source is a significant limitation. This 
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would make the source identification of pollutants in the receiving waters extremely 
difficult. In turn it would make it difficult to implement appropriate mitigation measures 
for source control of pollutants for quality improvement in receiving waters. In fact, the 
greater the environmental value of the receiving waters, the greater the need for 
understanding pollutant inputs from significant sources. Also, without this detailed 
understanding, the efficacy of the various stormwater quality mitigation measures 
implemented cannot be determined with certainty. 
 
The study undertaken by Jones et al. (2005) at Port Curtis in Queensland clearly 
illustrates the above argument. Contaminants of potential concern to biota and human 
health were investigated in water and sediments. High concentrations of heavy metals 
and hydrocarbon species were noted in sediments and biota. Studies such as this are 
useful in alerting to the presence of significant pollution. However, the implementation 
of appropriate mitigation measures would require the source identification of pollutants 
and the pollutant loads. The study by Connell et al. (1998) derived similar conclusions 
and the same questions as above needs to be dealt with in order to implement 
appropriate mitigation measures. Furthermore, there is very limited information made 
available by various ports worldwide about the pollution generation potential of their 
various land uses. 
 
The above discussions strengthen the argument for appropriate data collection to enable 
the source identification of pollutants and pollutant loads to receiving waters. 
Unfortunately, in the case of seaports there appears to be a lack of appreciation of the 
specific pollutant characteristics of stormwater runoff from these facilities. This may 
explain the dearth of specific studies in this regard. 
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3. THE PROJECT 
The research project is an outcome of the collaborative Partnership between the Port of 
Brisbane Corporation (POBC) and Queensland University of Technology (QUT). A key 
feature of this Partnership is that it seeks to undertake research to assist the Port in 
strengthening the environmental custodianship of the Port area through ‘cutting edge’ 
research. This project aims to develop a port specific stormwater quality model to allow 
informed decision making in relation to stormwater quality improvement in the context 
of the increased growth of the Port and the proposed future developments within the 
Port expansion area. Stage 1 of the research project focussed on the assessment of 
pollutant build-up and wash-off from the current Port of Brisbane facilities with the 
longer-term objective of contributing to the development of ecological risk mitigation 
strategies for future expansion scenarios. However, there are significant challenges to be 
overcome in investigating pollutant build-up and wash-off in built-up areas. 
 
Pollutant wash-off is a complex process and varies with a range of rainfall, runoff, 
catchment and climatic parameters. Investigation of such complex processes using 
naturally occurring rainfall events faces inherent difficulties. This is primarily attributed 
to high variability of rainfall intensity, non-uniformity of rainfall associated with the use 
of large heterogenous areas and lack of control of physical factors. Moreover, the 
complexity of the processes involved in stormwater quality requires a reliable database. 
As Ahyerre et al. (1998) noted, the processes governing build-up and wash-off of 
pollutants are very complex, as they concern many media, space and time scales. 
Additionally, the random nature of the occurrence and characteristics of natural rainfall 
introduces further variables into a research arena where so little of the inherent 
processes are known. In this context, using simulated rainfall for investigations has 
merit as it can help to eliminate significant constraints experienced by researchers 
undertaking rigorous research into stormwater quality such as the dependency on 
natural rainfall. Furthermore, rainfall simulation can significantly enhance the 
transferability of the research, due to the reduction and control of physical variables 
usually inherent to water quality research. Additionally, the use of rainfall simulation 
can produce a large amount of data in a relatively short period of time (Herngren, 2005). 
 
Another significant constraint in understanding pollutant build-up and wash-off arises 
from data collection at the catchment scale. Catchment scale studies are important for 
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calibration and validation purposes. However, due to the heterogeneity of built-up areas, 
catchment scale studies are not particularly suitable for the development of fundamental 
concepts and relationships. Therefore, the use of small test plots to ensure homogeneity 
can help to reduce the large number of variables and lessen the location specific nature 
of the outcomes usually inherent to water quality research (Herngren et al., 2005). The 
research project was formulated on these fundamental concepts. 
 
Using a specially designed rainfall simulator and small impervious surface plots, the 
project entailed the development of a comprehensive database on pollutant build-up and 
wash-off for a range of different land uses without the dependency on natural rainfall. 
The deliverables for Stage 1 included the following: 
• Pollutant build-up and wash-off profiles for six primary land uses within the Port 
of Brisbane to be used for water quality model development. 
• Recommendations with regards to future stormwater quality monitoring and 
pollution mitigation measures. 
 
The outcomes are expected to deliver the following benefits to the Port of Brisbane: 
• The availability of specific pollutant build-up and wash-off data for different 
land uses will result in an in-depth understanding of the pollutant contributions 
from the land uses within the area. This in turn would enable the implementation 
of customised stormwater pollution mitigation strategies to be developed for 
specific pollutants or land uses. 
• The water quality data collected would form the baseline data for a Port specific 
water quality model. This in turn would help to develop a comprehensive 
surface water quality profile of the Brisbane Port in its existing form. 
Additionally, this would form the baseline for evaluating stormwater quality 
improvement strategies that would need to be implemented along with the future 
development of the Brisbane Port. 
• The ability to disaggregate currently available ‘total’ pollutant data into its 
component parts based on land use characteristics of the wash-off area. 
• To be at the cutting-edge in terms of water quality management and 
environmental best practice in the context of port infrastructure. 
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4. MATERIALS AND METHODS 
4.1 Rainfall simulator 
The rainfall simulator was designed and fabricated by the Queensland University of 
Technology water engineering research group so that it can be used in urban stormwater 
quality research. Design details of the rainfall simulator can be found in Herngren et al. 
(2005) and Herngren (2005). It consists of an A-frame structure with three Veejet 80100 
nozzles spaced one metre apart on a swinging nozzle boom such that the nozzle spray 
height is 2.4m as illustrated in Figure 4.1. This height is adequate for creating terminal 
velocities similar to natural rainfall for all drop sizes (Duncan 1972). The runoff plot 
area was chosen so that maximum uniformity was achieved (Christiansen 1942). The 
nozzle boom is connected to a small motor in order to swing in either direction. The 
speed of the swing and delay time is controlled using an electronic control box which in 
turn enables the simulator to be calibrated for different rainfall intensities. The water 
used for the simulations is specially prepared to match the regional rainwater quality 
and pumped to the simulator from an externally located tank. The water pressure at the 
nozzle boom can be adjusted by a valve so that the simulator creates the required rain 
drop size distribution.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 – Rainfall Simulator 
Source: Herngren, 2005 
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The rainfall simulator has been designed using a combination of theoretical knowledge 
and field experience as reported in the research literature. The primary objective of 
rainfall simulation is to replicate natural rainfall events as closely as possible. The 
rainfall simulator was calibrated for the rainfall intensities selected for the study and 
verified for kinetic energy and drop size distribution prior to the field investigations. In 
simulating rainfall similar to natural events, it is important to verify the kinetic energy 
and drop size distribution of the simulated rainfall. These two parameters, along with 
rainfall intensity, are the primary parameters essential for characterising rainfall events 
(Herngren, 2005; Hudson, 1963; Loch, 1982). The procedure adopted has been 
explained in detail in Herngren (2005). Additionally, calibration also helped to adjust 
the control box settings in order to allow for wear and tear of the mechanical 
components in the rainfall simulator. 
 
In order to re-produce natural rainfall characteristics in the area as closely as possible, 
the average chemical quality of rainfall in the Brisbane region was investigated by 
testing natural rainfall samples. Rainwater collected in tanks was not considered due to 
the possible presence of unwanted pollutants. The natural rainfall quality profile as 
provided in Table 4.1 was developed based on the analysis of the sample data. 
Rainwater samples were tested for pH, electrical conductivity (EC) and dissolved 
organic carbon (DOC). These parameters were chosen due to their ability to influence 
the physico-chemical characteristics of pollutants in runoff (Warren et al., 2003). The 
pH of rainfall influences the bio-availability of heavy metals (Tai, 1991). Similarly, 
organic carbon influences the concentration of PAHs present in the dissolved phase 
(Wang et al., 2001). EC was important due to its ability to enhance the adsorption 
affinity of solid particles (Pechacek, 1994). De-ionised water was spiked with sodium 
hydroxide (27mg/L) and sugar (8.81mg/L) to raise the pH to 6.40, EC to 51.71µS/m and 
DOC to 8.81mg/L to obtain the required natural rainwater quality profile. 
 
Table 4.1 – Rainfall quality profile for Brisbane region 
Parameter Mean Standard deviation 
pH 6.40 0.52 
EC (µS/cm) 51.71 44.26 
DOC (mg/L) 8.81 4.29 
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4.2 Simulated rainfall events 
The rainfall intensities simulated were selected to cover the range commonly 
experienced in the Brisbane region and accounted for the average recurrence intervals 
commonly used in the design of water quality treatment facilities. Accordingly, a total 
of 12 rainfall events were simulated encompassing the following characteristics: 
• Average recurrence intervals primarily of 1, 2 and 10 years. 
• Average rainfall intensities of 65, 86, 115, 133 mm/hr (Appendix A) 
 
4.3 Sample collection system 
4.3.1 Dry sample collection system 
Sampling techniques commonly used for dry sample collection (such as pollutant build-
up) from impervious surfaces fall into the following two categories:  
• Brushing / sweeping; and 
• Vacuuming. 
 
These two methods have inherent advantages and disadvantages. Researchers have 
often used combinations of both in order to enhance the collection efficiency (Deletic & 
Orr, 2005; Robertson et al., 2003). Brushing or sweeping of road surfaces are generally 
efficient in collecting relatively larger particles. Bris et al. (1999) noted that vacuuming 
is preferable in order to collect road surface pollutants due to the efficiency that can be 
achieved in collecting finer particles. They compared two vacuum collection systems 
and noted that a wet vacuum system was preferable over the conventional dry vacuum 
system based on the high level of efficiency in the retention of finer particles.  
 
Power is required to enhance the collection efficiency of particulate pollutants from 
road surfaces. However, Tai (1991) noted that the collection efficiency should not be 
the only criteria to be considered. A high collection efficiency using a conventional 
domestic vacuum system can be achieved if there is high retention efficiency of finer 
particles. Therefore, additional steps were taken to modify a commercially available 
domestic vacuum system to enhance the sample collection and retention efficiency. 
 
The vacuum system selected was the Delonghi Aqualand model which consists of a 
compact 1500W motor and efficient filtration system. In order to enhance the collection 
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efficiency, a small vacuum foot with a brush was used as an attachment. The brush was 
primarily to enhance the collection efficiency by dislodging finer particles. As noted by 
Bris et al. (1999), the finer fraction is more strongly bound to the asphalt surface than 
the coarser particles. The small foot helps to concentrate the air flow so that the power 
of the system is more effectively used to collect the larger particles. A water filtration 
system along with a High Efficiency Particulate Air (HEPA) filtration system in the 
vacuum system ensured minimal escape of finer particles through the exhaust. The 
filtration system is shown in Figure 4.2. Since the collected particulate sample is 
retained in the water column, it is easy to extract sub samples from the vacuum 
compartment and to prepare the system for the next sampling trial.  
 
 
 
 
 
 
 
 
Figure 4.2 – Schematic of the vacuum system  
 
The sampling efficiency of the vacuum system was tested under laboratory conditions. 
The overall efficiency of the system was found to be 97%, which was considered 
adequate for the field investigations. A detailed description of the testing undertaken is 
given in Egodawatta (2007).  
 
4.3.2 Wet sample collection system 
Due to the nature of the research project, stormwater samples had to be collected from a 
small area and runoff from parts other than the specific runoff plot area had to be 
excluded from the sampling. The rainfall simulator applied rainfall to an approximate 
area of 4x3m. However, the best uniformity of distribution was within an area of 
2x1.5m directly underneath the nozzles and the runoff plot was defined accordingly. 
Furthermore, it was assumed that any escape of water due to splash from rain drops 
hitting the paved surface inside the runoff plot was equal to any water entering the 
 
  12 
runoff plot due to splash outside the designated plot. A PVC frame of 2x1.5m and 
50mm high was used as the plot border with rubber flaps which were fixed to the 
bottom and attached securely to the paved surface to prevent water from entering or 
escaping the plot. The runoff plot frame with rubber flaps is shown in Figure 4.3 below.  
 
 
Figure 4.3 – Runoff plot frame used when collecting wash-off samples 
 
As it was not feasible to excavate the paved surface to insert a container to collect the 
wash-off inside the plot frame, a specially designed collection trough was attached to 
the frame as shown in Figure 4.4 below. The top of the collection trough can be opened 
enabling the collection of runoff. The runoff entering the collection trough was 
collected using the same vacuum cleaner described above. However, modifications were 
made to the vacuum system to allow a larger amount of runoff water to be collected. A 
25L high-density container was mounted between the vacuum cleaner and the suction 
head. Hence, the vacuum cleaner provided the required suction, whilst the runoff was 
collected separately. Thus, the runoff was collected continuously throughout a 
simulation event. Additional containers were used for large volume events. The 
sampling system fabricated for wash-off is shown in Figure 4.5 below.  
 
 
Figure 4.4 – Collection trough for easy sampling using the vacuum cleaner 
Rubber flaps 
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Figure 4.5 – Wet sample collection system  
 
4.4 Field sample collection  
Impervious surface test plots of size 2x1.5m which were in typical condition were 
chosen at each of the study sites. Four plots were needed for simulating the different 
rainfall intensities for evaluating wash-off whilst a minimum of one additional plot was 
needed for measuring the pollutant build-up. In the case of roads, the plots were located 
in the centre between the kerb and the median strip. The space between plots was such 
that the simulation of rain in one plot would not influence the adjacent plots. Due to 
either only one or two build-up samples being collected at each site, the amount of 
street-deposited pollutants was assumed to be the same for all four individual wash-off 
plots at each site. Hence, the pollutant availability was considered to be identical for the 
rainfall events simulated at the study sites. 
 
A minimum of seven days of fine weather was required prior to collecting any samples 
to allow for sufficient pollutant build-up (Egodawatta, 2007). For build-up sampling, 
the accumulated material on paved surfaces was collected using the vacuum cleaner. 
Prior to collection, the vacuum cleaner was carefully cleaned using de-ionised water. 
The test plots were then vacuumed using the vacuum cleaner as shown in Figure 4.6. 
The impervious surface was vacuumed four times and the built-up material was 
collected in the water filter containing de-ionised water. Following vacuuming, the 
water in the filter was transferred to sample bottles. Also the water filter and the vacuum 
hoses were rinsed with a known quantity of de-ionised water. Care was taken to ensure 
that the loss of material during transfer was minimal. 
 
The four selected rainfall intensities were simulated over the individual plots for three 
different durations each. The selected durations are given in Table 4.2 below. 
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Consequently, based on the four rainfall intensities and the three different durations, 
twelve different design rainfall events were replicated as listed in Table 4.3 below. The 
resulting runoff samples were collected into polyethylene containers using the vacuum 
system as described above. The collected samples were transported to the laboratory, 
and preserved and stored under stipulated conditions. Figure 4.7 shows the use of the 
rainfall simulator and the collection of runoff samples.  
 
 
Figure 4.6 – Build-up sample collection in the field 
 
Table 4.2 – Rainfall intensities and durations simulated  
Rainfall intensity 
(mm/hr) 
Rainfall duration (min) 
Event 1 Event 2 Event 3 
65 20 35 65 
86 10 20 40 
115 5 10 25 
133 7 13 17 
 
  
Figure 4.7 – Collection of runoff samples in the field 
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Table 4.3 – Rainfall events replicated 
Event Intensity (mm/hr) Approx. Duration (min) 
1 year ARI 65 20 
1 year ARI 86 10 
1 year ARI 115 5 
2 year ARI 65 35 
2 year ARI 86 20 
2 year ARI 115 10 
2 year ARI 133 7 
5 year ARI 133 13 
10 year ARI 65 65 
10 year ARI 86 40 
10 year ARI 115 25 
10 year ARI 133 17 
 
In summary the following procedure was adopted for the field work: 
1. Selected five test plots within the paved area which were of similar (average) 
surface quality. 
2. The first plot was vacuumed to collect the pollutant built up on the surface. 
3. The rainfall simulator was positioned over the second plot and simulated rain of 
intensity 65mm/hour was sprayed over the surface and runoff samples from the 
surface were collected in drums at various time intervals using the vacuum 
system. 
4. The samples collected for the initial 20min. (approx.) were mixed together to 
give a 1-year ARI, 20min duration rainfall, runoff sample (Table 4.3 row 1). 
5. The samples collected for an overall period of 35min. were mixed together to 
give a 2-year ARI, 34min duration rainfall, runoff sample (Table 4.3 row 4). 
6. The samples collected for the initial 65min. (approx.) were mixed together to 
give a 10-year ARI, 75min duration rainfall, runoff sample (Table 4.3 row 9). 
7. The rainfall simulator was then moved to the next plot and an intensity of 
86mm/hr was used and the same procedure as before was repeated. 
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4.5 Treatment and transport of samples 
The samples collected from the field trials were transported as soon as possible to the 
QUT laboratory. Blank and replicate samples for quality assurance were an essential 
part in the field sampling. The samples were tested for pH and EC immediately after 
they reached the laboratory. A portion of each sample was preserved for further testing 
by refrigerating under 40C. Additionally, the wash-off samples collected for each event 
were mixed in required proportions to form a composite sample which was considered 
to be the Event Mean Concentration (EMC) for that particular storm event. The 
preservation and handling of samples was undertaken as specified in AS/NZS 
5667.1:1998 in addition to any requirements specified by the NATA registered 
laboratory entrusted with the detailed testing.  
 
4.6 Study sites selection 
A total of nine different land uses were investigated. This included six sites within the 
Port of Brisbane and three conventional urban land use sites in the close proximity. The 
urban land uses included residential, light industrial and commercial. For the sample 
collection in the urban land uses, the same rainfall simulator was used and the research 
methodology was identical to the work carried out at the Port of Brisbane. The data 
from these three sites were used for comparison purposes.  
 
The initial six study sites were representative of typical land use at the Port of Brisbane. 
Operational parameters that defined the use of each site were quantified, thus allowing 
future comparisons with other ports. Details of the six port land use sites are given in 
Table 4.4 whilst Table 4.5 gives the details of the three additional urban land use sites. 
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Table 4.4 – Port land use sites used in rainfall simulation trials 
Site ID Land use Surface Description 
PS1 Vehicle 
marshalling 
area 
Asphalt Typically found at facility gates or hold points. 
These sites play host to heavy transport vehicles 
stopping and starting or idling. Approx. 2,200 
vehicle movements per month 
 
PS2 Container 
storage 
facility 
Asphalt Used to store empty and full containers ready for 
trans-shipment by road. Approx. 9,000 TEUs per 
month 
 
PS3 Container 
terminal 
Asphalt Typically used for short-term storage of 
containers brought across the quay line. Approx. 
2,100 TEUs per hectare 
 
PS4 Quay line Concrete The interface between vessel unloading and land 
based movements. Approx. 75 TEUs per metre 
of quay line 
 
PS5 Inter-modal 
operations 
Inter-lock 
pavers 
Operating as a road-rail inter-change site using 
mobile plant. Approx. 8,600 TEUs per month 
 
PS6 Roadway Asphalt Typical of a major traffic arterial entering a port. 
Approx. 2,000 vehicles per day 
 
Note: TEU – Twenty foot equivalent unit 
 
Table 4.5 – Urban land use sites used in rainfall simulation trials 
Site ID Land use Surface Description 
US1 Residential Asphalt Rangeview Street, Aspley has typical single 
dwellings and lot sizes between 600 - 800m2. 
 
US2 Light 
industrial 
Asphalt Granite Street, Geebung has a range of small to 
medium enterprises such as auto repair shops, 
metal fabricators and transport companies. 
 
US3 Commercial Asphalt The Direct Factory Outlet shopping centre car 
park at the Brisbane Airport has very frequent 
vehicle movements. 
 
 
4.7 Sample testing 
Overview 
The build-up and wash-off samples were assessed for a range of pollutants typically 
associated with urban land uses. Analysis included both filtered and non-filtered 
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samples with detection limits consistent with the determination of local water quality 
objectives (WQO). The test methods used for the analysis were either from Standard 
Methods for Water and Wastewater (APHA 1999) or methods developed by the United 
States Environmental Protection Agency (US EPA). Testing was undertaken by a 
commercial laboratory holding National Association of Testing Authorities (NATA) 
certification with appropriate quality control practices in place. Samples were filtered 
and the residue and filtrate were analysed separately. Additionally, as a quality 
assurance measure replicates and blanks were included in the sample batches. The test 
results were continuously evaluated to give consideration to reducing the number of 
samples analysed without compromising the intent of the investigation. 
 
The adoption of appropriate methodology for sample testing was crucial to the research 
due to the expected relatively low concentrations of some pollutants at the study sites. 
In the case of wash-off, the samples collected from each event were mixed in required 
proportions to form a composite sample which was considered to be the Event Mean 
Concentration (EMC) for that particular design storm event. The use of EMC was 
considered appropriate for evaluating the effects of stormwater runoff on receiving 
waters and was adopted for this project. This was based on the hypothesis that receiving 
water bodies respond relatively slowly to storm inflows compared to the rate at which 
constituent concentrations change during a storm event (Lee et al., 2002). The EMC 
represents a flow weighted average concentration computed on the total pollutant mass 
divided by the runoff volume for a rainfall event of specific duration. Hence, the total 
volume of runoff water collected for each simulation was recorded and EMC samples 
for the twelve rainfall events were obtained prior to any chemical analysis.  
 
Parameters tested and test methods used 
Samples collected from build-up and the simulated events were analysed for a range of 
parameters as given below. These parameters were based on a detailed literature review 
undertaken to ensure consistency with previous studies in relation to urban water quality 
and the likely pollutants generated within a port environment. The decision making was 
also based on the stormwater quality data already collected by the Port of Brisbane, and 
also considered other ports which have similar land use activity to that at the Port of 
Brisbane. The parameters tested and the test methods used are given in Table 4.6.  
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Table 4.6 – Details of the test methods used 
Parameter Test Method No. Comments 
pH 4500H (APHA 1999) Combined pH/EC-meter was used. 
 
Electrical Conductivity 
(EC) 
 
2520B (APHA 1999) Combined pH/EC-meter was used. 
Total Suspended Solids 
(TSS) 
 
2540D and 2540C 
(APHA 1999) 
Samples were filtered using a 
0.45μm nitrocellulose filter. 
Filtrate was used to measure Total 
Dissolved Solids (TDS) and 
Dissolved Organic Carbon (DOC).  
 
Total Organic Carbon 
(TOC)  
5310C (APHA 1999) 
Particle size distribution  Distribution for the range <0.75 
µm, 0.75-75 µm, 75-150 µm, 150-
300 µm and – >300 µm was 
determined using a Malvern 
Mastersizer S instrument. 
 
Nitrite-N and Nitrate-N 
 
4500F (APHA 1999) Dissolved and total components 
were determined. 
 Total Kjeldahl Nitrogen 
 
4500B (APHA 1999) 
Total Nitrogen  By calculation. 
 
Total Phosphorus 
 
US EPA Methods 
200.7 (US EPA, 2001) 
and 6010B (US EPA, 
1996c) 
Using Inductively Coupled Plasma 
Optical Emission Spectrometry 
dissolved and total components 
were determined.  
Heavy Metals including 
Aluminium (Al), Lead 
(Pb), Cadmium (Cd), 
Chromium (Cr), Copper 
(Cu), Arsenic (As), 
Nickel (Ni), Zinc (Zn) 
 
Mercury US EPA Method 
7470A (US EPA, 
1994) and APHA 
(1999) Method 3112B 
Using Cold Vapour Atomic 
Absorption Spectrometry dissolved 
and total components were 
determined. 
 
BTEX (Benzene, 
Toluene, Ethylene, m+ 
Xylene, o-Xylene and 
Total BTEX) 
 
US EPA Method 8260 
(US EPA, 1996e) 
Using purge and trap Gas 
Chromatograph Mass Spectrometer 
dissolved and total components 
were determined. 
Total Petroleum 
Hydrocarbons (TPHs) 
C6-C9 
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Parameter Test Method No. Comments 
Total Petroleum 
Hydrocarbons (TPHs) 
C10-14, C15-C28,C29-
C36 
 
US EPA Methods 
3510C (US EPA, 
1996b) and 8015B 
(US EPA, 1996d) 
Using Gas Chromatography/Flame 
Ionization Detector dissolved and 
total components were determined. 
Polycyclic Aromatic 
Hydrocarbons (PAHs) 
including Napthalene, 
Acenapthalene, 
Acenapthene, Flourene, 
Phenanthene, 
Anthracene, 
Flouranthene, Chrysene 
Benzo [a] anthracene, 
Benzo [a] pyrene, 
Dibnez [a,h] 
anthracene, Pyrene, 2-
methylnapthalene and 
Total PAH 
 
US EPA Method 
8270C (US EPA, 
1996f) and 3500B (US 
EPA, 1996a) 
Using purge and trap Gas 
Chromatograph Mass Spectrometer 
dissolved and total components 
were determined. 
 
4.8 Data analysis 
In addition to univariate statistical methods, multivariate analytical methods such as 
principal component analysis (PCA) and multicriteria decision making methods 
(MCDM) such as PROMTHEE and GAIA were employed for the analysis of the large 
data sets derived from the testing of pollutant build-up and wash-off samples. Brief 
descriptions of the multivariate methods are given below. 
 
Principal component analysis (PCA) 
PCA is essentially a pattern recognition technique which can be employed to understand 
the correlations among different variables and clusters among objects. It has been used 
extensively as an analytical tool in water quality research. The PCA technique is used to 
transform the original variables to a new orthogonal set of Principal Components (PCs) 
such that the first PC contains most of the data variance and the second PC contains the 
second largest variance and so on. The orthogonality of PCs enables the user to interpret 
the data variance associated with each of the PCs independently. Furthermore, though 
PCA produces the same amount of PCs as the original variables, the first few contain 
most of the variance. Therefore, the first few PCs are often selected for interpretation. 
This consequently reduces the number of variables without losing useful information 
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contained in the original data set. The number of PCs to be used for interpretation is 
typically selected using the Scree Plot method described by Jackson (1993). The Scree 
Plot is the graphical variation of Eigen values extracted for each PC. Eigen values 
interpret the data variation associated with each PC (Adams, 1995). Detailed 
descriptions of PCA can be found elsewhere (Adams, 1995; Kokot et al., 1998; Massart 
et al 1988).  
 
To undertake PCA, the data has to be arranged in a matrix with selected variables 
arranged in columns and individual measurements or objects arranged in rows. Pre-
treatment techniques are used to eliminate biased outcomes due to measurements being 
in different scales. Column standardisation is the most common pre-treatment method 
used where each cell in a given column is divided by the standard deviation of that 
particular column (Kokot et al., 1991, 1992). Hence, each variable is equally weighted 
with a standard deviation of one. 
 
The application of PCA to a data matrix generates a loading for each variable and a 
score for each object on the principal components. Consequently, the data can be 
presented diagrammatically by plotting the loading of each variable in the form of a 
vector and the score of each object in the form of a data point. This type of plot is 
referred to as a ‘Biplot’. The angle between variable vectors is the indicator of degree of 
correlation. An acute angle between two variables indicates a strong correlation whereas 
an obtuse angle indicates a negative correlation. A right angle between variables 
indicates no correlation. Clustered data points in a biplot indicate objects with similar 
characteristics.  
 
PROMETHEE and GAIA 
PROMETHEE and GAIA are multicriteria decision making (MCDM) aids that rank 
actions according to specific criteria and thresholds. The details of PROMETHEE and 
GAIA are described elsewhere (for example Keller et al., 1991), and therefore only a 
brief summary of the methods is provided here. The PROMETHEE method uses a pair-
wise comparison system in which each action (such as a water sample) is compared to 
all other actions one-by-one defined by the preference functions, with thresholds and 
weights adopted by the decision-maker. PROMETHEE establishes preference flows (Φ) 
for each action and ranks these based on the preference flows.  
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GAIA provides a diagrammatic representation of the ranking methods of 
PROMETHEE, utilising a PCA technique. PCA is applied to the net preference flows 
(Φ), and a biplot or GAIA plane of the first two PCs is developed. Although no initial 
pre-treatment of data is needed to be undertaken, the preference functions established by 
PROMETHEE act to normalise the data, thereby providing some pre-treatment of the 
initial data. An additional feature of the GAIA plane is the incorporation of the Pi 
decision axis. The orientation of the Pi axis emphasises which criteria and actions are 
more dominant in the analysis. 
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5. DATA ANALYSIS AND DISCUSSION 
Table 5.1 below gives the antecedent dry period at the time of data collection, which is 
defined as the time since the last rainfall. The data given in Table 5.1 confirms that at all 
sites, the number of antecedent days were equal or greater than seven days. Research 
has shown that high pollutant accumulation rates occur during the first one to two days. 
The rate of accumulation reduces and the total build-up asymptote to an almost constant 
value as the antecedent days increase and that after about seven days it remains virtually 
constant (Egodawatta & Goonetilleke, 2006). 
 
The results from the data analysis are discussed below. The detailed results from the 
build-up and wash-off sample testing are given in Appendices B and C. 
 
Table 5.1 – Antecedent dry period  
Study site PS1 PS2 PS3 PS4 PS5 PS6 US1 US2 US3 
Antecedent dry days 14 19 10 22 8 10 10 8 7 
 
5.1 Build-up 
5.1.1 Data pre-treatment 
The following pre-treatment was undertaken of the data obtained from the laboratory 
testing of build-up samples: 
1. Laboratory results from the sample testng were in the form of concentrations. 
These concentrations were converted to loads by multiplying by the collected 
sample volume. It should be noted that the samples were collected using a wet 
vacuum system. 
2. Analysis of data was in two phases. Initially the analysis was undertaken directly 
of the pollutant loads derived. This analysis was termed ‘Analysis 1’.  
3. However, the possibility exists that the outcomes from the above analysis could 
be biased. This is because the samples collected belong to different antecedent 
dry days and as such the build-up pollutant load could be influenced by this 
factor. Therefore, the variability of the data could also be due to the difference in 
antecedent dry days rather that due to the land use characteristics. Consequently, 
a further data pre-treatment was undertaken.  
4. In order to eliminate the possibility of biased outcomes, pollutant loads were 
divided by TSS load, which is typically considered as the indicator pollutant. 
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Thus values derived for each water quality parameter was in the form of 
‘pollutants per unit weight of TSS’. The analysis of these variables was termed 
‘Analysis 2’.  
 
5.1.2 Particle size distribution of build-up pollutants 
The results obtained from the particle size distribution of the build-up samples are 
summarised in Table 5.2. It is evident that a significant fraction of the particles are 
below the 150µm range. This is even more strongly evident in the case of heavy metals 
and hydrocarbons. Therefore, it is appropriate that this fraction should be targeted for 
removal, if sediment reduction was the method being used to reduce pollutant loads in 
stormwater. It is important to ensure that any structural stormwater improvement 
strategies adopted are capable of trapping this particle size range. 
 
Table 5.2 – Particle size distribution of build-up pollutants 
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Percentage value 
TSS 
<75µm nt 34.9 75.0 79.1 50.0 38.4 63.9 63.3 31.8 
0.75-150µm nt 62.3 86.7 85.8 70.0 60.5 79.5 87.8 42.1 
>150µm nt 37.7 13.3 14.2 30.0 39.5 20.5 12.2 57.9 
TOC 
<75µm nt 55.0 11.4 41.7 76.9 83.3 92.3 57.1 52.2 
0.75-150µm nt 71.4 36.4 66.7 88.5 87.5 92.3 71.4 60.9 
>150µm nt 28.6 63.6 33.3 11.5 12.5 7.7 28.6 39.1 
Nutrients          
TP 
<75µm nt 61.0 nd nd 100.0 39.9 nd 35.4 36.2 
0.75-150µm nt 80.1 nd nd 100.0 58.0 nd 64.6 48.3 
>150µm nt 19.9 nd nd nd 42.0 nd 35.4 51.7 
TN 
<75µm nt 41.5 30.0 30.6 46.9 61.8 40.0 60.0 24.5 
0.75-150µm nt 57.1 50.0 51.0 75.5 72.0 60.0 65.0 37.1 
>150µm nt 42.9 50.0 49.0 24.5 28.0 40.0 35.0 62.9 
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Heavy metals          
Al 
<75µm nt 61.6 59.8 60.4 45.3 35.5 73.3 44.7 35.1 
0.75-150µm nt 77.2 84.1 72.5 78.2 60.4 92.0 84.7 46.5 
>150µm nt 22.8 15.9 27.5 21.8 39.6 8.0 15.3 53.5 
As 
<75µm nt 30.1 nd nd 100.0 61.1 nd nd 33.3 
0.75-150µm nt 54.4 nd nd 100.0 100.0 nd nd 54.5 
>150µm nt 45.6 nd nd 0.0 0.0 nd nd 45.5 
Cd 
<75µm nt 72.5 nd 37.0 57.1 37.5 nd 43.5 52.6 
0.75-150µm nt 83.8 nd 63.0 100.0 62.5 100.0 87.0 64.9 
>150µm nt 16.2 nd 37.0 0.0 37.5 nd 13.0 35.1 
Cr 
<75µm nt 58.2 83.3 53.8 48.5 32.7 nd 43.7 35.4 
0.75-150µm nt 76.1 100.0 69.2 76.5 62.4 nd 81.7 48.3 
>150µm nt 23.9 nd 30.8 23.5 37.6 nd 18.3 51.7 
Cu 
<75µm nt 44.1 41.4 52.9 44.3 31.8 51.6 46.9 39.2 
0.75-150µm nt 64.3 77.1 64.7 71.5 57.0 68.3 75.7 57.8 
>150µm nt 35.7 22.9 35.3 28.5 43.0 31.7 24.3 42.2 
Hg 
<75µm nt nd nd nd 100.0 nd nd nd 44.4 
0.75-150µm nt nd nd nd nd nd nd nd 55.6 
>150µm nt nd nd nd 0.0 nd nd nd 44.4 
Ni 
<75µm nt 63.3 100.0 42.7 43.5 37.8 nd 43.6 34.9 
0.75-150µm nt 78.8 100.0 70.0 70.0 60.3 nd 84.2 48.1 
>150µm nt 21.2 nd 30.0 30.0 39.7 nd 15.8 51.9 
Pb 
<75µm nt 45.3 76.5 41.4 38.3 25.0 69.0 48.4 36.5 
0.75-150µm nt 66.5 100.0 55.2 53.0 53.0 89.7 89.5 47.8 
>150µm nt 33.5 nd 44.8 47.0 47.0 10.3 10.5 52.2 
Zn 
<75µm nt 34.2 53.1 27.6 29.4 19.1 56.0 50.3 32.6 
0.75-150µm nt 55.8 77.8 36.2 62.2 37.4 79.8 85.4 49.0 
>150µm nt 44.2 22.2 63.8 37.8 62.6 20.2 14.6 51.0 
Total Petroleum Hydrocabons        
C6-
C14 
<75µm nt 30.2 100.0 nd 48.6 29.0 0.0 nd nd 
0.75-150µm nt 49.3 100.0 nd 63.0 55.6 66.0 nd nd 
>150µm nt 50.7 0.0 nd 37.0 44.4 34.0 nd nd 
C15-
C28 
<75µm nt 35.4 54.3 100.0 59.2 15.2 33.1 nd 100.0 
0.75-150µm nt 53.6 100.0 100.0 80.8 41.0 76.4 nd 100.0 
>150µm nt 46.4 nd 0.0 19.2 59.0 23.6 nd 0.0 
C29-
C36 
<75µm nt 37.5 nd 100.0 45.4 16.9 nd 12.9 100.0 
0.75-150µm nt 54.1 nd 100 72.1 28.0 70.7 36.4 100.0 
>150µm nt 45.9 100.0 nd 27.9 72.0 29.3 63.6 nd 
 
Note: 
nd   not detected  nt   not tested 
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5.1.3 Total Suspended Solids (TSS) 
Figure 5.1 shows the variation of TSS concentration in wash-off for the Port and urban 
land uses in comparison to the three urban residential road surfaces from a study 
undertaken at Gold Coast by Egodawatta (2007) as part of a doctoral research program.  
 
PS1
PS2
PS3
PS4
PS5
PS6
US1
US2US3
0
2
4
6
8
10
12
14
0 5 10 15 20 25
Antecedent days
B
ui
ld
-u
p 
(g
/m
2 )
Gumbeel Court
Lauder Court
Piccadilly Place
PoB Sites
 
Figure 5.1 – Comparision of TSS build-up between Port land-uses and residential 
sites 
 
As seen in Figure 5.1, two Port land-uses; PS5 (Inter-modal operations) and PS6 
(Roadway) are comparatively severe in terms of TSS build-up. PS5 is the inter-modal 
operating area with inter-locking pavers. High build-up at this site could be due to the 
entrapment of sediments within the inter-locking pavers. PS6 is a roadway within the 
Port premises. This roadway is used by heavy trucks far more frequently when 
compared to the urban land uses. Furthermore, inputs from surrounding unpaved road 
areas could also be contributing to the high TSS loads.  
 
It can also be noted from Figure 5.1 that the build-up load for two sites; PS3 (Container 
terminal) and PS4 (Quay line) are significantly lower when compared to the residential 
sites from Gold Coast. PS4 is on the quay line with concrete paving. The site is 
typically subjected to significant traffic during port operations. However, being close to 
the shore line, the site is subjected to relatively high wind turbulence. This could result 
in wind erosion and the removal of pollutants from the relatively smooth concrete 
surface. PS3 is the short term storage area with an asphalt pavement. It is difficult to 
infer the reason for the lower pollutant build-up on the surface. 
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5.1.4 Ranking of the severity of pollutant generation from different land-uses 
Ranking was done in two phases using PROMETHEE and GAIA software. Firstly, 
build-up data obtained from Analysis 1 was ranked in order to identify the critical sites 
based on the the samples collected during the investigation. Secondly, data obtained 
from Analysis 2 was ranked in order to obtain the potential severity in terms of pollutant 
association. Both rankings were done three times with respect to three pollutant 
categories; namely, heavy metals, petroleum hydrocarbons and nutrients. Figure 5.2 
shows the ranking of build-up at different sites based on the Analysis 1 data for heavy 
metals.  
 
 
Figure 5.2 – Ranking of sites based on heavy metals loads (Analysis 1) 
 
As evident in Figure 5.2, sites PS6 (Roadway) and PS5 (Inter-modal operations) 
respectively are the worst polluted in terms of heavy metal loads collected during build-
up investigations. Both sites are subjected to heavy Port operational traffic. 
Furthermore, the TSS loads collected from these two sites are significantly high when 
compared to the other Port land-uses. On the other hand, PS3 (Container terminal) and 
PS4 (Quay line) sites respectively are the least severe in terms of heavy metal loads. 
Also, as evident from Figure 5.1 above, PS3 and PS4 recorded the lowest TSS loads 
during the build-up sample collection.  
 
Figure 5.3 shows the ranking of the same sites in terms of heavy metals based on 
Analysis 2 data. Analysis 2 derived the pollutant loads per unit weight of TSS load. 
Therefore, the ranking given in Figure 5.3 shows the sites in terms of their potential 
severity in relation to pollutant association. This is based on the common understanding 
that suspended solids act as a mobile substrate for the transport other pollutants to 
receiving waters where pollutants adsorb or adhere to the particle surface (Harrison & 
Wilson, 1985; Hoffman et al., 1982; Hunter et al., 1979; Sartor & Boyd, 1972). 
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Figure 5.3 – Ranking of sites based on heavy metals loads (Analysis 2) 
 
According to Figure 5.3, sites PS2 (Container storage facility) and PS4 (Quay line) are 
the worst in terms of heavy metals association. This could be primarily due to intense 
operations in the area. Furthermore, there can be corrosion by products from containers. 
It means that these sites have the potential for relatively high heavy metal build-up if the 
land-use activities generate high amounts of pollutants. Sites PS1 (Vehicle marshalling 
area) and PS5 (Inter-modal operations) are ranked last in terms of association with 
heavy metals. PS1 is a truck parking area and PS5 has an inter-locking pavement, where 
some of the heavy metals could infiltrate into the top soil during wash-off. Intuitively it 
would be expected that PS1 would have a tendency for high heavy metals association 
due to the nature of the site usage. However, that fact that it had relatively low TSS 
loads would explain its relatively low ranking. It is interesting to note that sites PS5 and 
PS6 though ranked low had high heavy metal concentrations due to their relatively high 
TSS load as illustrated in Figure 5.2 above. 
 
Similar ranking was undertaken for the same sites in terms of petroleum hydrocarbons 
and nutrients. Figure 5.4 and Figure 5.5 shows the two rankings undertaken for total 
petroleum hydrocarbons (TPH) based on Analysis 1 and Analysis 2 data.  
 
 
 
Figure 5.4 – Ranking of sites for TPH (Analysis 1) 
 
As evident in Figure 5.4, site PS2 (Container storage facility) is the most critical in 
terms of hydrocarbon loading. This site was also ranked highest in terms of heavy 
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metals (Analysis 2). Hence, the same reasons as above could be attributed to its high 
ranking. PS4 (Quay line) is ranked last in terms of the severity of hydrocarbon load. At 
this site overhead crane operations are dominant compared to truck operations at the 
other sites, which could explain the reason for this result. As evident from Figure 5.5, 
TSS build-up in PS2 (Container storage facilities) and PS3 (Container terminal) sites 
have the most potential to associate with TPH. Both these sites are storage facilities that 
are subjected to heavy truck movements and loading operations.  
 
 
 
Figure 5.5 – Ranking of sites for TPH (Analysis 2) 
 
Figure 5.6 and Figure 5.7 shows the two rankings undertaken for nutrients based on 
Analysis 1 and Analysis 2 data.  
 
 
Figure 5.6 – Ranking of sites for Nutrients (Analysis 1) 
 
 
Figure 5.7 – Ranking of sites for Nutrients (Analysis 2) 
 
As evident in Figure 5.6, PS6 (Roadway) and PS1 (Vehicle marshalling area) and PS5 
(Inter-modal operations) sites rank as the highest polluted sites in terms of nutrients 
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loads. In the case of PS5 and PS6 it could be due to high pollutant build-up on these 
sites. In the case of PS1, it could the nature of the operations taking place at this site.  
 
5.2 Wash-off 
5.2.1 Total Suspended Solids (TSS) 
Figure 5.8 shows the variation of TSS concentration during rainfall simulation for the 
Port and urban land uses in comparison to the three urban residential road surfaces from 
a study undertaken at Gold Coast by Egodawatta (2007) as part of a doctoral research 
program.  
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Figure 5.8 – Variation of TSS concentration with rainfall durations 
 
As evident from Figure 5.8, the highest concentrations were recorded from sites, US3 
(Urban/Commercial) and PS5 (Inter-modal operations). US3 is a car park where there 
are a large number of vehicle movements. Additionally, the construction work at the 
adjacent sites on the day of the investigation could also have contributed to the high 
TSS load apart from the typical contributions from a car park. PS5 site has inter-locking 
pavers which typically results in relatively reduced runoff due to high infiltration. 
However, the amount of runoff produced is highly concentrated producing equivalent 
loads of pollutants compared to the other sites. The higher TSS concentrations found in 
PS5 are likely to reflect the pavement surface rather than the land use characteristics. 
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Jointing sand used between the pavers and material build-up in these joints presents a 
unique situation, and one requiring further investigation given the increasing use of this 
type of surface treatment. 
 
The TSS concentrations in wash-off from the other sites exhibited similar trends to that 
observed for the data obtained from the residential sites from Gold Coast. The variation 
of concentrations for all the sites follows the exponential decay variation similar to the 
Gold Coast sites. This suggests the possibility of using the wash-off equation developed 
by Egodawatta (2007).  
 
The wash-off equation is expressed as: 
)1( kItF eCFw
−−=    Equation 1 
Where: 
I Rainfall intensity;  
k Wash-off coefficient; 
Fw Fraction wash-off; 
CF Capacity factor; and 
t Rainfall duration 
 
For the Gold Coast study, wash-off was expressed by Egodawatta (2007) in terms of 
‘fraction wash-off’ which is the ratio between wash-off load and total available 
pollutants on the surface. Fraction wash-off was considered as a decreasing rate 
increasing function (exponential) with rainfall duration. Furthermore, the wash-off was 
found to exhibit variation with rainfall intensity. This was replicated in three rainfall 
intensity classes; 5 to 40, 40 to 90 and 90 to 133mm/hr, as shown in Table 5.3 below. 
Parameter values derived by Egodawatta (2007) for the wash-off equation are also given 
in Table 5.3. 
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Table 5.3 – Parameter values for wash-off replication equation 
Parameter Range Value 
For paved surfaces 
Capacity factor  
CF 
5 to 40 mm/hr ( 0.01 x I ) + 0.1 
40 to 90 mm/hr 0.5 
90 to 133 mm/hr (0.0098 x I ) – 0.38 
Wash off coefficient k All intensities  8 x 10-4 
 
Figure 5.9 provides boxplots for the comparison of TSS data for the different study 
sites.  
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Figure 5.9 – Comparison of TSS data for wash-off 
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Other than for PS5 (Inter-modal operations), the data for the other Port study sites 
compare well with the data for typical urban land use sites, with PS1 (Vehicle 
marshalling area), PS3 (Container terminal), PS4 (Quay line) and PS6 (Roadway) being 
comparable to residential and light industrial land uses. The higher TSS concentrations 
found in PS5 (Inter-modal operations) has been discussed above. The relatively higher 
concentration observed at the Container storage facility (PS2) could be attributed to the 
nature of the use of the site. It is hypothesised that the storage of containers at this site 
results in conditions conducive to the prevention of removal of solids through 
meteorological conditions such as wind and rain.  
 
5.2.2 Particle size distribution 
Table 5.4 compares the particle size distribution data for the different sites. The data 
presented represents the averaged data from all the simulated events. Typically, 
stormwater quality improvement devices rely on the trapping of sediment as a surrogate 
to pollution management. Heavy metals and hydrocarbons are commonly more heavily 
adsorbed to the fine particulates rather than to the coarse particulates which act as the 
mobile substrate for these pollutants (Andral et al. 1999; Herngren 2005).  
 
Table 5.4 – Particle size distribution of TSS in pollutant wash-off  
(combined data for all events) 
Site Particle size distribution of suspended solids (%) 
<0.75µm 0.75-75µm 75-150µm 0.75-150µm* 150-300µm >300µm 
PS1 3.4 74.5 13.5 88.0 6.3 2.3 
PS2 1.7 42.9 23.2 66.1 19.8 12.4 
PS3 1.9 66.1 16.6 82.7 9.0 6.4 
PS4 1.9 67.4 17.3 84.7 8.2 5.1 
PS5 3.6 68.0 16.4 84.4 8.9 3.1 
PS6 1.1 42.9 18.7 61.6 18.1 19.2 
US1 1.1 36.3 19.2 55.5 18.7 24.7 
US2 1.8 41.3 26.7 68.0 17.3 12.8 
US3 2.2 55.1 16.4 71.5 6.7 19.6 
* Calculated by adding together the different size fractions 
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Considering the Port data alone, it is evident that the greater percentage of suspended 
solids is in the 0.75-75µm range. In fact other than for Site US1 (Residential), more 
than 40% of the particles are in this size range. Also most interestingly, more than 50% 
and even as high as 88% of the particles are in the 0.75-150µm size range. Therefore it 
is essential that this fraction should be targeted for removal, if sediment reduction is the 
method being adopted to reduce pollutant loads in stormwater. Consequently, it is 
important to ensure that any structural measures being adopted are capable of trapping 
this sediment range.  
 
Furthermore, from the data it is evident that the particle size distribution at PS2 
(Container storage facility) and PS6 (Roadway) are different to the other four sites with 
a comparatively low percentage of 0.75-75µm. It is hypothesised that in the case of PS6, 
this would be due to relatively high traffic flows of heavy vehicles at more than 
60km/hr, creating sufficient wind turbulence to remove some of the finer fraction. It is 
hypothesised that in the case of PS2 that the presence of stacked containers as discussed 
in Section 5.2.1 results in conditions conducive to the trapping of larger particles and 
the prevention of their removal through meteorological conditions such as wind and rain 
rather than the smaller particles.  
 
The boxplots for the 0.75-150µm size range given in Figure 5.10 further highlights the 
above observations. Other than for PS2 and PS6, there is reasonable consistency among 
the other sites. Furthermore, it shows that these sites have a much higher fraction of 
finer particles when compared to the urban sites. However, the important issue that is 
highlighted is the fact that the particle size distribution can vary due to a number of 
quite different reasons. Hence, the strategy and design of structural measures to remove 
suspended solids needs to be carefully formulated to suit site characteristics. A ‘one size 
fits all’ approach may not prove to be adequate. 
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Figure 5.10 – Comparison of 0.75-150µm particle size range data for wash-off 
 
5.2.3 Organic carbon 
In terms of water quality, organic carbon is an important pollutant due to its ability to 
influence the presence of other pollutants. Binding to solid particles by hydrocarbons 
and heavy metals is enhanced by the presence of organic carbon (Herngren et al. 2006; 
Herngren 2005). Dissolved Organic Carbon (DOC) is specifically responsible for two 
significant impacts on the distribution of hydrocarbons and heavy metals between 
aqueous and sediment bound phases. These impacts are termed as ‘solubility 
enhancement’ and ‘solids concentration effect’. Solubility enhancement is the reduction 
of the solid-solution partition coefficient that increases the soluble fraction. The solids 
concentration effect is where the organic matter in the sediment dissolves into solution 
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and bring about the solubility enhancement effect described above (Warren et al. 2003). 
As Table 5.5 illustrates, a very significant fraction of TOC is present as DOC. 
Unfortunately, typical structural measures for water quality mitigation cannot remove 
DOC.  
 
Table 5.5 – Percentage DOC fraction in TOC 
Study Site PS1 PS2 PS3 PS4 PS5 PS6 US1 US2 US3 
% DOC/TOC  75 87 73 89 89 93 90 89 87 
 
Figure 5.11 gives the comparison of Total Organic Carbon (TOC) data. With the 
exception of PS4 (Quay line) and PS5 (Inter-modal operations), the TOC data obtained 
compares well with all three urban land uses. It is hypothesised that the inter-lock 
pavers used on PS5 provide opportunity for organic material to be trapped within the 
joints. There is also potential for mosses, lichen and algae to colonise these spaces due 
to the residual moisture within the jointing sand, and the available nutrients. PS4 has a 
concrete paving and whilst it has been shown to generate a much lower TSS 
concentration, the TOC concentration was the highest when compared to the other sites 
tested. It is hypothesised that organic build-up from wind blown agricultural products 
loading in nearby areas may have resulted in organic residue build-up on the surface.  
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Figure 5.11 – Comparison of TOC data for wash-off 
 
5.2.4 Nutrients 
Figure 5.12 and Figure 5.13 provide comparisons of total nitrogen (TN) and total 
phosphorus (TP) respectively. Taking into consideration the vertical scale of Figure 
5.12 and possible sampling and testing errors, it is evident that the Port land uses 
compare well with the urban land uses. The lower concentrations of TN detected at PS2 
(Container storage facility) and PS3 (Container terminal) could possibly be attributed to 
the absence of organic material build-up on the surface. Both PS2 and PS3 represent 
large pavement areas with little or no vegetation in close proximity.  
 
In the case of TP, the concentrations were below detection in the case of PS3, US1 
(Residential) and US2 (Light industrial). Though a boxplot is shown in the case of PS2, 
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only three data points, which is the minimum was present. Data collected indicates that 
all but two sites have TP concentrations below that detected in a commercial setting. 
PS1 (Vehicle marshalling area) and PS6 (Roadway) represents heavy vehicle traffic 
ways.  
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Figure 5.12 – Comparison of TN data for wash-off 
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Figure 5.13 – Comparison of TP data for wash-off 
 
Additionally, Principal Component Analysis (PCA) was also undertaken on the data. 
The analysis was undertaken for the normalised values based on pollutant build-up. This 
approach would helped to eliminate any bias due to possible influence of the antecedent 
dry period on build-up even though the optimum period was allowed based on past 
research. In this instance, the physical definition of concentration refers to mg/L per mg 
of build-up solids. The resulting PCA biplots are given in Figure 5.14 and Figure 5.15. 
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Figure 5.14 – PCA biplot for nutrients (concentration as mg/L per mg of build-up) 
(D) – dissolved; (P) – particulate; NO – nitrate; TNK – total kjeldahl nitrogen 
 
The following conclusions can be derived from Figure 5.14: 
• Two data clusters are evident. Cluster 1 belongs to PS1 (Vehicle marshalling 
area), PS2 (Container storage facility), PS5 (Inter-modal operations) and PS6 
(Roadway) and Cluster 2 is PS3 (Container terminal) and PS4 (Quay line).  
• The separation into clusters is primarily due to differences in the concentration 
of the dissolved and particulate nutrients and TOC and DOC. This suggests that 
there are differences in nutrient wash-off processes for these two clusters. 
• Nutrients in particulate form correlate with TSS. This suggests that the 
exponential relationship for TSS as described in equaton 1 is also valid for the 
particulate nutrients.  
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• Dissolved components of nutrients show poor correlation with TSS. This would 
mean that the wash-off process for dissolved nutrients is different to that of TSS 
and particulate nutrients.   
• There is strong correlation between TOC and DOC which would mean that most 
organic carbon is in the form of DOC. 
• All dissolved fractions other than TP(D) show correlation with TOC and DOC.  
• TP(D) show little variation, suggesting that only a limited fraction is in 
dissolved form.  
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Figure 5.15 – PCA biplot for nutrients for different particle size ranges 
(concentration as mg/L per mg of build-up) 
 
From Figure 5.15 it is evident that particulate nutrients except NO3(P) correlate closely 
with particle sizes less than 150μm size range. This suggests most of the particulate 
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nutrients are associated with the finer particle size ranges. Furthermore, as the data 
given in Appendix C confirms, most nitrates (NO3) are in dissolved form. Therefore, it 
can be concluded that particulate nutrients are associated with the particle size range 
less than 150µm. 
 
5.2.5 Heavy metals 
The concentrations of Arsenic (As), Cadminum (Cd) and Mercury (Hg) were 
consistently very low or below detection limits for the wash-off samples. As such only 
the results for Aluminium (Al), Chromium (Cr), Copper (Cu), Nickel (Ni), Lead (Pb) 
and Zinc (Zn) were analysed. The results from the sample testing confirmed (Appendix 
C) that all the heavy metal species are primarily in particulate form, with the dissolved 
(filtered) fraction being low or below the detection limit. Boxplots for these heavy 
metals for total concentrations are given in Figure 5.16 to Figure 5.21. 
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Figure 5.16 – Comparison of Total Aluminium concentration in wash-off 
 
  44 
V
eh
ic
le
 m
ar
sh
al
lin
g 
ar
ea
 (P
S
1)
C
on
ta
in
er
 s
to
ra
ge
 fa
ci
lit
y 
(P
S
2)
C
on
ta
in
er
 te
rm
in
al
 (P
S
3)
Q
ua
y 
lin
e 
(P
S
4)
In
te
r-m
od
al
 o
pe
ra
tio
ns
 (P
S
5)
R
oa
dw
ay
 (P
S
6)
U
rb
an
/R
es
id
en
tia
l (
U
S
1)
U
rb
an
/L
ig
h 
in
du
st
ria
l (
U
S
2)
U
rb
an
/C
om
m
er
ci
al
 (U
S
3)
To
ta
l C
hr
om
iu
m
 c
on
ce
nt
ra
tio
n 
(m
g/
L)
0.00
0.05
0.10
0.15
0.20
0.25
 
 
Figure 5.17 – Comparison of Total Chromium concentration in wash-off 
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Figure 5.18 – Comparison of Total Copper concentration in wash-off 
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Figure 5.19 – Comparison of Total Nickel concentration in wash-off 
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Figure 5.20 – Comparison of Total Lead concentration in wash-off 
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Figure 5.21 – Comparison of Total Zinc concentration in wash-off 
 
The heavy metals in the wash-off from Port land uses compare well with the urban land 
uses other than in the case of PS5 (Inter-modal operations) for most metal species, PS2 
(Container storage facilities) primarily for lead and PS6 (Roadway) for Zinc. It is also 
important to take into consideration possible sampling and testing errors as the 
concentrations fall within a relatively small range.  
 
PS6 being a roadway, it is possible that the relatively high concentration of Zinc is due 
to the wear and abrasion of tyres and other vehicle components, lubricants and 
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combustion of fuel. The elevated heavy metal concentrations at PS5 is attributed to the 
specific land use at this site. Being an inter-modal operations area, the deposition of 
metallic fines resulting from the deposition of combustion by-products and tyre and 
vehicle wear from vehicle movements is a distinct possibility. Similar reasons could be 
attributed to the high heavy metal concentrations and in particular the presence of lead 
at PS2. 
 
Additionally, Principal component analysis (PCA) was also undertaken of the data. The 
analysis was undertaken for normalised concentration values based on pollutant build-
up. The resulting PCA biplot is given in Figure 5.22. 
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Figure 5.22 – PCA biplot for nutrients (concentration as mg/L per mg of build-up) 
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According to Figure 5.22, heavy metals are strongly correlated to TSS thus confirming 
that a significant fraction is in particulate form. Furthermore, this suggests that the 
wash-off process for heavy metals is similar to that for TSS. 
 
5.2.6 Hydrocarbons 
BTEX and Polycyclic Aromatic Hydrocarbons (PAH) 
The concentrations in the wash-off were below detection limits. 
 
Total Petroleum Hydrocarbons (TPH) 
The box plots for Total Petroleum Hydrocarbons are given in Figure 5.23 to Figure 
5.26. Total petroleum hydrocarbons (TPH) is a term used to describe a large family of 
several hundred chemical compounds that originate from crude oil. Consequently, TPH 
in the environment could originate from lubricants and the partial combustion of fossil 
fuels. Generally, C6-C14 range belongs to gasoline, C15-C28 range belongs to diesel 
and the C29-C36 range belongs to lubricants. 
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Figure 5.23 – Comparison of TPH (C6-C14) concentration in wash-off 
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Figure 5.24 – Comparison of TPH (C15-C28) concentration in wash-off 
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Figure 5.25 – Comparison of TPH (C29-C36) concentration in wash-off 
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Figure 5.26 – Comparison of TPH (C6-C36) concentration in wash-off 
 
Considering the figures given above, it is evident that there is no consistency in terms of 
which site is the worst polluted for the different fractions of TPH tested. Considering 
only TPH fraction <C14 (Figure 5.23) which is in the gasoline range, a number of sites 
from PS3 to PS5 appear to be equally polluted. For the range C15-C28 (Figure 5.24) 
which is the diesel range and for the range C29-C36 (Figure 5.25) which is the 
lubricants range, PS5 (inter-modal operations) site is the most polluted even when 
compared to the urban land uses. Also for the entire TPH range (C6-C36) as shown in 
Figure 5.26, once again PS5 is the most polluted. It is hypothesised that this is due to 
the nature of activities taking place at this site and the resulting slow vehicle speeds. 
However, most importantly it underlines the fact that there is significant variability 
between the different sites when TPH pollution is considered. 
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6. CONCLUSIONS 
The results derived from the extensive study into pollutant wash-off from different Port 
land uses and the comparison with typical urban land uses highlights a number of 
important issues: 
• It confirmed that the Port environment is unique in terms of pollutant 
characteristics and is not comparable to typical urban land uses. Therefore, the 
use of pollutant loading factors commonly adopted for urban water quality 
modelling is not feasible for calibrating a water quality model for a Port.  
• In fact for most pollutant types, the Port land uses exhibited lower pollutant 
concentrations when compared to typical urban land uses. In some instances, the 
concentrations were found to be lower than even for the urban residential site. 
• It was evident that the pollutant characteristics varied across the different land 
uses. Furthermore these differences in pollutant characteristics were not 
consistent in terms of the land use, thus precluding the development of simple 
mathematical relationships. Based on the data obtained from this study, it should 
be possible to derive pollutant wash-off values for the different land uses 
investigated. 
• Based on the above findings, the implementation of stereotypical structural 
water quality improvement devices could be of limited value. The ranking of 
sites in terms of the severity of pollution generation were also not consistent and 
changed for different pollutant types. 
• However, the suspended solids concentrations for wash-off from the Port sites 
exhibited similar trends to that observed from a previous study of residential 
sites from Gold Coast. The variation in concentrations for all the sites followed 
an exponential decay similar to the Gold Coast study. Therefore, this suggests 
the possibility of using the exponential wash-off equation developed for the 
Gold Coast study. 
• The predominance of a specific particle size range (<150 µm) in terms of 
suspended solids in pollutant build-up as well as wash-off is highly significant. 
This would mean that the common approach of targeting of suspended solids as 
the surrogate parameter for water quality improvement would only be effective 
if this specific particle size range is removed.  
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• The important issue the study has highlighted is the fact that the particle size 
distribution can vary due to a number of quite different reasons. Hence, the 
strategy and design of structural measures to remove suspended solids needs to 
be carefully formulated to suit site characteristics. A ‘one size fits all’ approach 
may not prove to be adequate. 
• The land cover or surface paving was found to influence pollutant build-up and 
wash-off. For example, the inter-modal operating area with interlocking pavers 
was found to be the most polluted in terms of suspended solids build-up. This is 
attributed to the entrapment of sediments within the inter-locking pavers. Also, 
this site was consistently ranked quite highly in relation to most pollutant types. 
This could be due to the combination of surface paving and land use. 
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7. RECOMMENDATIONS 
Based on the study results, the following preliminary recommendations are made: 
• As there is an appreciable variation in pollutant characteristics for different port 
land uses, any water quality monitoring stations should preferably be located 
such that source areas can be easily identified. This would enable the 
disaggregation of pollutant loads. 
• The study results have identified the significant pollutants for the different land 
uses. This should enable the creation of a more customised water quality 
monitoring and testing regime targeting the critical pollutants with resulting cost 
savings and greater environmental outcomes. 
• A ‘one size fits all’ approach may not be appropriate for the different port land 
uses due to the varying pollutant characteristics including the particle size 
distribution of suspended solids. As such, pollution mitigation will need to be 
specifically tailored to suit the specific land use. 
• Any structural measures implemented for pollution mitigation to be effective 
should have the capability to remove suspended solids of size <150 µm. 
• Based on the results presented and the particularly the fact that the Port land uses 
cannot be compared to conventional urban land uses in relation to pollutant 
generation, consideration should be given to the development of a port specific 
water quality model. The study outcomes should form the basis for deriving port 
specific pollutant wash-off values as input data for the model. 
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APPENDIX A 
DESIGN RAINFALL INTENSITY FREQUENCY DURATION DATA 
FOR BRISBANE REGION 
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Table A1 – Design rainfall data for Brisbane Region 
 Average Recurrence Interval 
Duration  1 Year  2 Year 5 Year 10 Year 20 Year 50 Year 100 Year 
(mins)     (mm/hr)   (mm/hr)   (mm/hr)   (mm/hr)   (mm/hr)   (mm/hr)   (mm/hr)  
5 117 151 191 215 247 290 324 
5.5 114 146 185 208 240 282 314 
6 110 141 180 202 233 274 305 
6.5 107 137 175 197 227 266 297 
7 104 134 170 192 221 260 290 
7.5 101 130 166 187 215 254 283 
8 99 127 162 183 210 248 277 
8.5 96 124 158 178 206 242 271 
9 94 121 155 175 201 237 265 
9.5 92 119 151 171 197 232 260 
10 90 116 148 168 193 228 255 
11 86 111 143 161 186 220 246 
12 83 107 138 156 180 212 237 
13 80 104 133 151 174 206 230 
14 78 100 129 146 169 199 223 
15 75 97 125 142 164 194 217 
16 73 94 121 138 159 188 211 
17 71 92 118 134 155 184 206 
18 69 89 115 131 151 179 201 
19 67 87 112 127 148 175 196 
20 66 85 110 124 144 171 192 
21 64 83 107 122 141 167 187 
22 63 81 105 119 138 164 184 
23 61 79 102 117 135 160 180 
24 60 78 100 114 133 157 176 
25 59 76 98 112 130 154 173 
26 58 74 96 110 128 151 170 
27 56 73 95 108 125 149 167 
28 55 72 93 106 123 146 164 
29 54 70 91 104 121 144 162 
30 53 69 90 102 119 141 159 
32 52 67 87 99 115 137 154 
34 49.9 65 84 96 112 133 150 
36 48.4 63 82 93 109 129 146 
38 47 61 80 91 106 126 142 
40 45.7 59 77 88 103 123 138 
45 42.8 56 73 83 97 116 130 
50 40.4 53 69 79 92 110 124 
55 38.2 49.8 65 75 87 104 118 
60 36.4 47.4 62 71 83 100 113 
75 31.2 40.6 53 61 72 86 97 
90 27.4 35.7 47.1 54 63 76 86 
105 24.6 32 42.3 48.7 57 68 77 
120 22.3 29.1 38.5 44.4 52 62 71 
135 20.5 26.8 35.5 40.9 47.9 58 65 
150 19 24.8 32.9 37.9 44.5 54 61 
165 17.7 23.2 30.8 35.5 41.7 50 57 
180 16.6 21.8 28.9 33.4 39.2 47.2 53 
195 15.7 20.5 27.3 31.5 37.1 44.6 51 
210 14.9 19.5 25.9 29.9 35.2 42.4 48 
225 14.2 18.5 24.7 28.5 33.5 40.4 45.8 
240 13.5 17.7 23.6 27.2 32.1 38.6 43.8 
270 12.4 16.2 21.7 25.1 29.5 35.6 40.4 
300 11.5 15.1 20.1 23.3 27.4 33.1 37.5 
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APPENDIX B 
PARAMETER VALUES FOR THE BUILD-UP SAMPLES 
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Table B1 – Build-up samples (solids, nutrients and carbon compounds) 
Test site Sample partitioning Phosphorus Nitrogen Total solids Organic carbon TPH C6-C9 TPH C10-C14 TPH C15-C28 TPH C29-C36 
V
eh
ic
le
 m
ar
sh
al
lin
g 
ar
ea
  (
PS
1)
 
Total Build-up (mg) 51.121 77.793 8890.672 55.567 nd 611.234 11669.007 18337.011 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm nt nt nt nt nt nt nt nt 
75-150 µm nt nt nt nt nt nt nt nt 
150-300 µm nt nt nt nt nt nt nt nt 
>300 µm nt nt nt nt nt nt nt nt 
C
on
ta
in
er
 st
or
ag
e 
fa
ci
lit
y 
(P
S2
) 
Total Build-up (mg) 10.572 51.275 17405.416 248.676 nd 8287.663 170529.589 157103.310 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 61.0 41.5 34.9 55.0 nd 30.2 35.4 37.5 
75-150 µm 19.2 15.6 27.3 16.4 nd 19.1 18.2 16.6 
150-300 µm 19.9 36.9 34.2 15.0 nd 28.5 36.0 37.4 
>300 µm nd 6.0 3.5 13.6 nd 22.1 10.5 8.5 
C
on
ta
in
er
 te
rm
in
al
 
(P
S3
) 
Total Build-up (mg) nd 3.737 1245.737 24.915 nd 1744.032 3114.343 5107.5226 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm nd 30.0 75.0 11.4 nd 100.0 54.3 nd 
75-150 µm nd 20.0 11.7 25.0 nd nd 45.7 nd 
150-300 µm nd 30.0 10.0 25.0 nd nd nd nd 
>300 µm nd 20.0 3.3 38.6 nd nd nd 100.0 
Q
ua
y 
lin
e 
(P
S4
) Total Build-up (mg) 3.508 8.467 2419.258 60.481 nd nd 2298.295 4959.478 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm nd 30.6 79.1 41.7 nd nd 100.0 100.0 
75-150 µm nd 20.4 6.7 25.0 nd nd nd nd 
150-300 µm nd 26.5 11.9 16.7 nd nd nd nd 
>300 µm nd 22.4 2.4 16.7 nd nd nd nd 
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Test site Sample partitioning Phosphorus Nitrogen Total solids Organic carbon TPH C6-C9 TPH C10-C14 TPH C15-C28 TPH C29-C36 
In
te
r-
m
od
al
 
op
er
at
io
ns
 (P
S5
) Total Build-up (mg) 27.976 92.762 66258.776 471.174 nd 2944.835 55951.856 69203.611 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<0.75µm nd 18.4 5.0 76.9 nd 11.8 10.8 2.7 
0.75-75µm 100.0 28.6 45.0 nd nd 36.8 48.5 42.7 
75-150µm nd 28.6 33.3 11.5 nd 14.4 21.5 26.7 
150-300µm nd 12.2 14.0 7.7 nd 17.8 14.5 20.0 
>300µm nd 12.2 2.7 3.8 nd 19.2 4.7 7.9 
R
oa
dw
ay
 (P
S6
) Total Build-up (mg) 219.358 nd 61420.261 614.203 nd 1462.387 42409.228 67269.809 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<0.75µm nd 48.4 nd 50.0 nd nd 11.7 11.0 
0.75-75µm 2.1 13.4 38.4 33.3 nd 29.0 3.5 5.9 
75-150µm 18.2 10.2 22.2 4.2 nd 26.6 25.8 11.1 
150-300µm 13.3 8.3 15.9 4.2 nd nd 2.7 4.6 
>300µm 28.7 19.6 23.6 8.3 nd 44.4 56.2 67.5 
R
es
id
en
tia
l (
U
S1
) Total Build-up (mg) nd 39.178 3525.978 169.769 nd 2220.060 5223.671 8488.465 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<0.75µm nd 20.0 0.0 76.9 nd nd 18.1 nd 
0.75-75µm nd 20.0 63.9 15.4 nd nd 15.0 nd 
75-150µm nd 20.0 15.5 nd nd 66.0 43.3 70.7 
150-300µm nd 20.0 11.0 nd nd nd 7.9 29.3 
>300µm nd 20.0 9.6 7.7 nd 34.0 15.7 nd 
Li
gh
t i
nd
us
tri
al
 
(U
S2
) 
Total Build-up (mg) 5.649 104.506 7626.078 56.489 nd nd nd 2259.579 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 35.4 60.0 63.3 57.1 nd nd nd 12.9 
75-150µm 29.2 5.0 24.4 14.3 nd nd nd 23.6 
150-300µm 17.7 10.0 5.4 14.3 nd nd nd 48.6 
>300µm 17.7 25.0 6.8 14.3 nd nd nd 15.0 
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Test site Sample partitioning Phosphorus Nitrogen Total solids Organic carbon TPH C6-C9 TPH C10-C14 TPH C15-C28 TPH C29-C36 
C
om
m
er
ci
al
 (U
S3
) Total Build-up (mg) 3.054 815.526 10899866.25 409.5 nd nd 1745.236 959.880 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 36.2 24.5 31.8 52.2 nd nd 100.0 100.0 
75-150µm 12.1 12.6 10.3 8.7 nd nd nd nd 
150-300µm 47.7 47.6 54.2 21.7 nd nd nd nd 
>300µm 4.0 15.4 3.7 17.4 nd nd nd nd 
 
Note: 
nd Not detected 
nt Not tested 
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Table B2 – Build-up samples (heavy metals) 
Test site Sample partitioning Aluminium Arsenic Cadmium Chromium Copper Mercury Nickel Lead Zinc 
V
eh
ic
le
 m
ar
sh
al
lin
g 
ar
ea
 (P
S1
) 
Total Build-up (mg) 77.794 0.050 0.0167 0.250 1.084 nd 0.167 0.472 16.948 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm nt nt nt nt nt nt nt nt nt 
75-150 µm nt nt nt nt nt nt nt nt nt 
150-300 µm nt nt nt nt nt nt nt nt nt 
>300 µm nt nt nt nt nt nt nt nt nt 
C
on
ta
in
er
 st
or
ag
e 
fa
ci
lit
y 
(P
S2
) 
Total Build-up (mg) 232.489 0.261 0.043 2.826 4.744 nd 1.110 7.525 102.146 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 61.6 30.1 72.5 58.2 44.1 nd 63.3 45.3 34.2 
75-150 µm 15.7 24.4 11.3 17.9 20.3 nd 15.5 21.2 21.7 
150-300 µm 18.9 27.5 16.2 20.3 27.2 nd 19.8 27.2 36.1 
>300 µm 3.9 18.0 nd 3.6 8.5 nd 1.4 6.3 8.1 
C
on
ta
in
er
 te
rm
in
al
 
(P
S3
) 
Total Build-up (mg) 13.703 nd nd 0.112 0.262 nd 0.063 0.324 7.101 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 59.8 nd nd 83.3 41.4 nd 100.0 76.5 53.1 
75-150 µm 24.4 nd nd 16.7 35.7 nd nd 23.5 24.7 
150-300 µm 8.5 nd nd nd 14.3 nd nd nd 11.8 
>300 µm 7.3 nd nd nd 8.6 nd nd nd 10.4 
Q
ua
y 
lin
e 
(P
S4
) Total Build-up (mg) 30.241 nd 0.011 0.181 2.540 nd 0.115 0.254 9.314 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 60.4 nd 37.0 53.8 52.9 nd 42.7 41.4 27.6 
75-150 µm 12.1 nd 25.9 15.4 11.8 nd 18.2 13.8 8.6 
150-300 µm 11.5 nd nd 15.4 17.1 nd 24.5 44.8 8.6 
>300 µm 15.9 nd 37.0 15.4 18.2 nd 14.5 nd 55.2 
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Test site Sample partitioning Aluminium Arsenic Cadmium Chromium Copper Mercury Nickel Lead Zinc 
In
te
r-
m
od
al
 
op
er
at
io
ns
 (P
S5
) Total Build-up (mg) 647.864 0.618 0.074 5.742 6.037 0.001 2.061 8.098 206.138 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<0.75µm nd nd nd 0.4 2.6 nd 0.4 nd 0.6 
0.75-75µm 45.3 100.0 57.1 48.1 41.8 100.0 43.1 38.3 28.7 
75-150µm 32.9 nd 42.9 28.0 27.2 nd 26.5 29.5 32.9 
150-300µm 17.8 nd nd 13.8 15.7 nd 15.0 25.1 25.2 
>300µm 4.0 nd nd 9.7 12.7 nd 15.0 7.1 12.6 
R
oa
dw
ay
 (P
S6
) Total Build-up (mg) 541.083 0.380 0.088 4.680 17.549 0.0029248 1.901 14.039 424.092 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<0.75µm 33.0 55.6 25.0 28.8 27.2 nd 30.1 24.0 16.5 
0.75-75µm 2.5 5.6 12.5 3.9 4.6 nd 7.7 1.0 2.6 
75-150µm 24.9 38.9 25.0 29.7 25.2 nd 22.4 28.0 18.3 
150-300µm 14.2 nd 12.5 16.0 13.2 nd 12.8 18.0 15.4 
>300µm 25.4 nd 25.0 21.6 29.8 nd 26.9 29.0 47.1 
R
es
id
en
tia
l (
U
S1
) Total Build-up (mg) 52.237 nd 0.078 nd 0.562 nd nd 1.959 4.962 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<0.75µm nd nd nd nd 18.3 nd nd nd 14.8 
0.75-75µm 73.3 nd nd nd 33.3 nd nd 69.0 41.1 
75-150µm 18.7 nd 100.0 nd 16.7 nd nd 20.7 23.8 
150-300µm 5.0 nd nd nd 13.5 nd nd 6.3 11.7 
>300µm 3.1  nd nd 18.3 nd nd 4.0 8.5 
Li
gh
t i
nd
us
tri
al
 
(U
S2
) 
Total Build-up (mg) 80.497 0.056 0.014 0.833 4.378 nd 0.678 1.836 11.015 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 44.7 nd 43.5 43.7 46.9 nd 43.6 48.4 50.3 
75-150µm 40.0 nd 43.5 38.1 28.8 nd 40.6 41.1 35.0 
150-300µm 7.1 nd 13.0 4.0 3.8 nd 4.0 4.7 7.6 
>300µm 8.2 nd nd 14.3 20.4 nd 11.9 5.8 7.0 
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Test site Sample partitioning Aluminium Arsenic Cadmium Chromium Copper Mercury Nickel Lead Zinc 
C
om
m
er
ci
al
 (U
S3
) Total Build-up (mg) 122.166 0.0523 0.017 0.366 0.768 0.002 0.209 0.236 5.061 
%
 p
ar
tic
le
 si
ze
 
cl
as
se
s 
<75µm 35.1 33.3 52.6 35.4 39.2 44.4 34.9 36.5 32.6 
75-150µm 11.4 21.2 12.3 12.9 18.7 11.1 13.2 11.3 16.3 
150-300µm 50.3 45.5 35.1 47.8 37.3 22.2 47.2 47.8 46.0 
>300µm 3.2 nd nd 3.9 4.9 22.2 4.7 4.3 5.0 
 
Note: 
nd Not detected 
nt Not tested 
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PARAMETER VALUES FOR THE WASH-OFF SAMPLES 
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Table C1 – Wash-off samples (primary parameters) 
Test site Simulated rain event Sample pH EC Solids 
 Intensity  Duration ARI & duration Volume   TSS TDS % Particle size distribution (µm) 
 (mm/hr) (min)  (L)  µS/cm mg/L mg/L <0.75 0.75-75 75-150 150-300 >300 
V
eh
ic
le
 m
ar
sh
al
lin
g 
ar
ea
 (P
S 
1)
 
65 20 1 year ARI 65 mm/hr 41.65 6.7 75.0 110 nt 2.48 81.04 13.45 2.72 0.31 
86 10 1 year ARI 86 mm/hr 21.79 6.7 155.0 190 nt 3.00 69.13 14.36 6.83 6.66 
115 5 1 year ARI 115 mm/hr 11.39 6.6 165.0 110 nt 2.70 74.40 17.34 3.52 2.03 
65 35 2 year ARI 65 mm/hr 70.84 6.7 65.0 79 nt nd 50.04 26.55 20.03 3.38 
86 20 2 year ARI 86 mm/hr 46.66 6.8 120.0 150 nt 1.62 73.59 15.86 8.53 0.40 
115 10 2 year ARI 115 mm/hr 28.80 6.8 120.0 50 nt 2.57 70.57 17.13 6.08 3.67 
133 7 2 year ARI 133 mm/hr 12.63 6.8 130.0 160 nt 5.10 82.54 9.68 2.69 nd 
133 13 5 year ARI 133 mm/hr 25.38 7.0 105.0 110 nt 5.19 76.94 10.82 5.75 1.29 
65 65 10 year ARI 65 mm/hr 128.84 6.8 65.0 46 nt 6.59 92.69 0.71 nd nd 
86 40 10 year ARI 86 mm/hr 103.04 6.9 110.0 98 nt 1.95 62.32 11.20 14.59 9.94 
115 25 10 year ARI 115 mm/hr 79.87 7.1 100.0 35 nt 6.03 81.47 12.17 0.33 nd 
133 17 10 year ARI 133 mm/hr 36.69 7.1 100.0 95 nt 3.41 79.77 12.49 4.32 nd 
C
on
ta
in
er
 st
or
ag
e 
fa
ci
lit
ie
s (
PS
2)
 
65 20 1 year ARI 65 mm/hr 38.90 7.5 123.0 449.5 nt 1.87 38.88 22.67 22.21 14.37 
86 10 1 year ARI 86 mm/hr 23.02 7.3 130.0 240.0 nt 2.40 57.00 19.47 14.18 6.95 
115 5 1 year ARI 115 mm/hr 13.64 7.3 190.0 275.0 nt 2.18 55.18 17.93 12.99 11.72 
65 35 2 year ARI 65 mm/hr 67.92 7.5 106.7 286.0 nt 1.58 34.84 23.72 24.28 15.58 
86 20 2 year ARI 86 mm/hr 51.12 7.4 112.5 161.0 nt 1.85 47.38 23.59 18.12 9.07 
115 10 2 year ARI 115 mm/hr 31.72 7.4 157.5 207.5 nt 1.75 50.33 23.48 15.55 8.89 
133 7 2 year ARI 133 mm/hr 28.24 7.3 145.0 320.0 nt 1.26 41.44 23.38 20.25 13.67 
133 13 5 year ARI 133 mm/hr 56.40 7.4 133.5 189.8 nt 1.19 35.43 23.84 23.27 16.28 
65 65 10 year ARI 65 mm/hr 122.62 7.6 94.4 164.0 nt 1.53 35.35 24.29 23.33 15.51 
86 40 10 year ARI 86 mm/hr 110.12 7.5 104.1 95.1 nt 1.73 41.72 25.53 20.22 10.80 
115 25 10 year ARI 115 mm/hr 88.92 7.5 129.0 106.0 nt 1.50 43.57 25.03 19.31 10.59 
133 17 10 year ARI 133 mm/hr 77.52 7.4 127.9 150.0 nt 1.15 33.26 25.21 24.43 15.96 
  73 
 
Test site Simulated rain event Sample pH EC Solids 
 Intensity  Duration ARI & duration Volume   TSS TDS % Particle size distribution (µm) 
 (mm/hr) (min)  (L)  µS/cm mg/L mg/L <0.75 0.75-75 75-150 150-300 >300 
C
on
ta
in
er
 te
rm
in
al
 (P
S3
) 
65 20 1 year ARI 65 mm/hr 37.62 8.5 118.8 16.1 nt 2.43 62.84 17.75 9.83 7.17 
86 10 1 year ARI 86 mm/hr 19.34 7.7 110.0 18.0 nt 1.34 76.10 13.50 6.60 2.46 
115 5 1 year ARI 115 mm/hr 8.42 7.7 170.0 34.0 nt 1.84 69.38 13.15 8.39 7.24 
65 35 2 year ARI 65 mm/hr 70.16 8.8 100.2 9.6 nt 1.73 62.23 18.26 11.01 6.77 
86 20 2 year ARI 86 mm/hr 40.96 7.8 92.5 12.0 nt 1.13 74.03 14.76 7.07 3.02 
115 10 2 year ARI 115 mm/hr 21.72 7.9 125.0 20.0 nt 1.50 62.51 17.30 11.76 6.94 
133 7 2 year ARI 133 mm/hr 16.00 7.8 120.0 21.0 nt 1.43 73.37 15.15 7.01 3.04 
133 13 5 year ARI 133 mm/hr 38.26 7.9 96.9 13.2 nt 2.14 67.57 17.65 7.33 5.32 
65 65 10 year ARI 65 mm/hr 141.20 9.1 93.7 6.7 nt 2.27 60.25 17.22 9.23 11.02 
86 40 10 year ARI 86 mm/hr 92.86 8.4 87.0 9.3 nt 1.32 66.06 16.01 9.49 7.12 
115 25 10 year ARI 115 mm/hr 64.28 8.6 94.9 8.8 nt 2.78 54.22 20.81 12.62 9.56 
133 17 10 year ARI 133 mm/hr 55.72 8.2 90.1 10.5 nt 2.39 64.99 17.84 7.55 7.23 
Q
ua
y 
lin
e 
(P
S4
) 
65 20 1 year ARI 65 mm/hr 34.82 7.6 543.8 47.3 nt 2.18 76.35 14.90 4.98 1.60 
86 10 1 year ARI 86 mm/hr 19.56 7.3 570.0 93.0 nt 1.91 69.28 17.51 7.42 3.87 
115 5 1 year ARI 115 mm/hr 8.70 7.2 670.0 110.0 nt 1.67 58.62 22.68 10.74 6.29 
65 35 2 year ARI 65 mm/hr 65.06 7.8 529.3 36.3 nt 2.09 74.52 16.26 5.57 1.56 
86 20 2 year ARI 86 mm/hr 41.72 7.6 570.0 69.5 nt 2.18 71.57 15.59 7.65 3.02 
115 10 2 year ARI 115 mm/hr 20.38 7.4 615.0 82.5 nt 1.84 64.51 19.16 9.29 5.21 
133 7 2 year ARI 133 mm/hr 17.68 7.2 610.0 110.0 nt 1.76 58.87 18.23 10.11 11.03 
133 13 5 year ARI 133 mm/hr 35.44 7.5 586.9 86.0 nt 1.94 64.99 17.07 8.70 7.30 
65 65 10 year ARI 65 mm/hr 120.24 7.9 524.1 24.8 nt 2.01 71.36 16.11 6.59 3.93 
86 40 10 year ARI 86 mm/hr 83.58 7.9 547.5 48.3 nt 1.93 68.82 15.96 8.86 4.43 
115 25 10 year ARI 115 mm/hr 56.28 7.7 577.2 54.3 nt 1.91 65.34 17.11 9.30 6.34 
133 17 10 year ARI 133 mm/hr 49.16 7.6 580.6 74.2 nt 1.89 64.69 17.26 9.28 6.88 
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Test site Simulated rain event Sample pH EC Solids 
 Intensity  Duration ARI & duration Volume   TSS TDS % Particle size distribution (µm) 
 (mm/hr) (min)  (L)  µS/cm mg/L mg/L <0.75 0.75-75 75-150 150-300 >300 
In
te
r-
m
od
al
 o
pe
ra
tio
ns
 (P
S5
) 
65 20 1 year ARI 65 mm/hr 40.22 7.2 619.0 365.0 nt 1.70 56.34 24.30 13.35 4.30 
86 10 1 year ARI 86 mm/hr 14.18 7.0 690.0 420.0 nt 1.50 50.35 26.23 16.15 5.75 
115 5 1 year ARI 115 mm/hr 7.80 7.0 760.0 870.0 nt 4.81 78.89 10.59 4.55 1.16 
65 35 2 year ARI 65 mm/hr 73.58 7.3 598.0 272.9 nt 4.11 82.34 8.35 4.30 0.91 
86 20 2 year ARI 86 mm/hr 34.72 7.2 640.0 330.0 nt 3.09 73.42 15.03 6.95 1.52 
115 10 2 year ARI 115 mm/hr 20.48 7.2 685.0 655.0 nt 3.67 70.79 15.34 7.84 2.35 
133 7 2 year ARI 133 mm/hr 16.78 7.4 660.0 880.0 nt 2.40 66.80 19.07 8.49 3.25 
133 13 5 year ARI 133 mm/hr 35.40 7.6 627.7 644.6 nt 3.36 63.17 18.69 10.95 3.84 
65 65 10 year ARI 65 mm/hr 143.28 7.5 582.0 178.8 nt 8.57 83.81 5.16 2.30 0.17 
86 40 10 year ARI 86 mm/hr 79.46 7.3 610.0 221.0 nt 5.50 76.70 11.18 4.96 1.68 
115 25 10 year ARI 115 mm/hr 60.68 7.6 623.6 384.0 nt 1.43 45.45 26.02 18.20 8.90 
133 17 10 year ARI 133 mm/hr 49.60 7.7 616.5 547.1 nt 3.31 68.49 16.60 8.62 2.98 
R
oa
dw
ay
 (P
S6
) 
65 20 1 year ARI 65 mm/hr 34.60 7.3 562.5 72.3 nt 1.32 51.54 17.21 15.09 14.85 
86 10 1 year ARI 86 mm/hr 16.06 7.5 860.0 110.0 nt 0.86 41.43 15.77 19.52 22.42 
115 5 1 year ARI 115 mm/hr 5.36 7.2 720.0 71.0 nt 1.46 46.45 26.36 15.42 10.31 
65 35 2 year ARI 65 mm/hr 67.74 7.4 536.6 55.7 nt 1.36 50.90 16.09 15.86 15.80 
86 20 2 year ARI 86 mm/hr 35.72 7.6 742.5 105.0 nt 0.81 35.63 16.48 21.85 25.25 
115 10 2 year ARI 115 mm/hr 16.64 7.3 655.0 54.5 nt 1.38 47.93 23.56 14.92 12.22 
133 7 2 year ARI 133 mm/hr 15.48 7.9 600.0 150.0 nt 1.24 46.73 20.58 16.66 14.78 
133 13 5 year ARI 133 mm/hr 32.10 8.4 581.5 126.9 nt 1.05 38.06 19.55 20.25 21.09 
65 65 10 year ARI 65 mm/hr 134.34 7.4 523.8 40.0 nt 1.37 50.71 15.21 15.06 17.65 
86 40 10 year ARI 86 mm/hr 78.22 7.6 656.3 83.0 nt 0.73 31.23 17.24 23.36 27.46 
115 25 10 year ARI 115 mm/hr 52.98 7.7 590.0 42.6 nt 1.08 39.89 17.88 17.56 23.60 
133 17 10 year ARI 133 mm/hr 44.92 8.5 576.5 119.6 nt 0.97 33.84 18.70 21.76 25.20 
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Test site Simulated rain event Sample pH EC Solids 
 Intensity  Duration ARI & duration Volume   TSS TDS % Particle size distribution (µm) 
 (mm/hr) (min)  (L)  µS/cm mg/L mg/L <0.75 0.75-75 75-150 150-300 >300 
R
es
id
en
tia
l (
U
S1
) 
65 20 1 year ARI 65 mm/hr 29.46 6.8 60.0 48 nt 1.43 38.31 21.92 21.64 16.71 
86 10 1 year ARI 86 mm/hr 14.54 6.7 65.0 63 nt 0.99 39.11 20.15 19.89 19.87 
115 5 1 year ARI 115 mm/hr 11.68 6.7 85.0 76 nt 0.55 34.70 20.22 18.96 25.56 
65 35 2 year ARI 65 mm/hr 54.04 6.9 55.0 38 nt 1.59 41.29 22.60 21.32 13.21 
86 20 2 year ARI 86 mm/hr 33.16 6.8 60.0 43 nt 1.11 35.99 18.53 19.94 24.45 
115 10 2 year ARI 115 mm/hr 20.26 6.8 80.0 68 nt 0.59 31.34 18.18 18.75 31.14 
133 7 2 year ARI 133 mm/hr 9.16 6.9 85.0 89 nt 0.67 33.74 15.60 14.23 35.76 
133 13 5 year ARI 133 mm/hr 20.10 7.1 75.0 68 nt 0.79 34.01 17.23 15.67 32.30 
65 65 10 year ARI 65 mm/hr 104.04 7.1 50.0 31 nt 1.57 41.03 23.34 21.31 12.75 
86 40 10 year ARI 86 mm/hr 71.04 7.1 60.0 37 nt 1.38 37.58 17.02 19.18 24.84 
115 25 10 year ARI 115 mm/hr 46.34 7.5 75.0 45 nt 1.05 33.48 18.07 17.75 29.64 
133 17 10 year ARI 133 mm/hr 27.88 7.2 75.0 51 nt 1.07 35.07 17.54 15.73 30.60 
Li
gh
t i
nd
us
tri
al
 (U
S2
) 
65 20 1 year ARI 65 mm/hr 41.72 6.7 95.0 170 67 1.72 65.58 20.18 5.44 7.08 
86 10 1 year ARI 86 mm/hr 15.16 6.8 80.0 99 59 1.24 53.38 28.36 13.33 3.69 
115 5 1 year ARI 115 mm/hr 18.12 6.9 55.0 63 41 1.15 54.65 25.34 13.04 5.82 
65 35 2 year ARI 65 mm/hr 64.50 6.7 82.0 100 60 2.46 32.30 32.58 18.83 13.84 
86 20 2 year ARI 86 mm/hr 32.92 6.9 68.0 66 54 2.48 47.40 32.26 13.50 4.35 
115 10 2 year ARI 115 mm/hr 29.60 7.0 62.0 65 48 0.88 26.92 20.26 21.89 30.05 
133 7 2 year ARI 133 mm/hr 15.38 7.1 73.0 110 58 1.16 39.97 25.69 22.26 10.92 
133 13 5 year ARI 133 mm/hr 27.30 7.2 72.0 83 55 1.07 30.32 25.49 22.68 20.43 
65 65 10 year ARI 65 mm/hr 131.58 6.8 73.0 51 56 7.45 28.36 32.50 19.16 12.53 
86 40 10 year ARI 86 mm/hr 68.88 7.1 66.0 26 52 0.38 38.29 22.88 17.86 20.58 
115 25 10 year ARI 115 mm/hr 63.06 7.5 64.0 48 51 1.10 44.68 25.81 18.03 10.39 
133 17 10 year ARI 133 mm/hr 37.56 7.3 69.0 70 54 0.79 33.92 28.97 21.92 14.39 
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Test site Simulated rain event Sample pH EC Solids 
 Intensity  Duration ARI & duration Volume   TSS TDS % Particle size distribution (µm) 
 (mm/hr) (min)  (L)  µS/cm mg/L mg/L <0.75 0.75-75 75-150 150-300 >300 
C
om
m
er
ci
al
 (U
S3
) 
65 20 1 year ARI 65 mm/hr 36.42 6.3 65.0 560 49 2.82 66.52 13.64 4.67 12.36 
86 10 1 year ARI 86 mm/hr 18.50 5.9 70.0 910 54 3.23 73.66 12.58 5.76 4.77 
115 5 1 year ARI 115 mm/hr 17.60 6.2 95.0 370 71 2.26 64.65 21.67 6.24 5.18 
65 35 2 year ARI 65 mm/hr 66.14 6.3 52.0 460 37 1.32 39.06 19.51 11.69 28.41 
86 20 2 year ARI 86 mm/hr 43.32 5.8 52.0 680 39 1.75 53.44 22.02 9.19 13.60 
115 10 2 year ARI 115 mm/hr 27.50 5.9 68.0 360 52 2.98 73.99 15.43 4.37 3.23 
133 7 2 year ARI 133 mm/hr 18.04 6.0 52.0 520 38 5.10 85.61 5.74 2.79 0.76 
133 13 5 year ARI 133 mm/hr 38.34 6.0 74.0 660 57 2.00 54.55 21.05 10.38 12.02 
65 65 10 year ARI 65 mm/hr 120.78 6.1 44.0 330 33 0.88 30.38 14.98 4.42 49.34 
86 40 10 year ARI 86 mm/hr 90.84 5.8 36.0 390 28 0.78 19.77 8.29 1.05 70.11 
115 25 10 year ARI 115 mm/hr 59.72 5.8 45.0 290 33 1.93 55.18 24.58 10.59 7.72 
133 17 10 year ARI 133 mm/hr 54.40 5.5 41.0 360 30 1.59 44.42 17.64 8.82 27.53 
 
Note: 
nd Not detected 
nt Not tested 
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Table C2 – Wash-off samples (organic carbon and nutrients) 
Test site Simulated rain event Organic carbon Nitrate Kjeldahl Nitrogen Total Nitrogen Phosphorus 
 ARI & duration TOC DOC Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
PS1 1 year ARI 65 mm/hr 7.0 7.5 0.105 nt 4.25 nt 4.35 nt 1.7 1.5 
 1 year ARI 86 mm/hr 13.0 15.0 0.19 nt 8.8 nt 9 nt 3.2 2.9 
 1 year ARI 115 mm/hr 19.0 20.0 0.29 nt 6.4 nt 6.7 nt 1.1 0.86 
 2 year ARI 65 mm/hr 5.0 5.0 nd nt 2.9 nt 2.9 nt 1.1 0.97 
 2 year ARI 86 mm/hr 8.0 10.0 0.1 nt 5.1 nt 5.2 nt 1.9 1.6 
 2 year ARI 115 mm/hr 12.5 15.0 0.155 nt 4.15 nt 4.35 nt 0.77 0.6 
 2 year ARI 133 mm/hr 16.0 24.0 0.16 nt 5.1 nt 5.3 nt 1.1 0.95 
 5 year ARI 133 mm/hr 11.0 18.0 nd nt 3.4 nt 3.5 nt 0.77 0.68 
 10 year ARI 65 mm/hr 3.0 4.0 nd nt 1.9 nt 1.9 nt 0.64 0.56 
 10 year ARI 86 mm/hr 6.0 7.0 nd nt 3 nt 3 nt 1.2 0.91 
 10 year ARI 115 mm/hr 7.0 13.0 nd nt 2.3 nt 2.3 nt 0.46 0.42 
 10 year ARI 133 mm/hr 9.0 17.0 0 nt 2.7 nt 2.7 nt 0.65 0.57 
PS2 1 year ARI 65 mm/hr 14.80 12.70 nd nd 2.755 1.46 2.755 1.46 0.253 nd 
 1 year ARI 86 mm/hr 15.00 8.54 nd nd 2.7 1.18 2.7 1.18 nd nd 
 1 year ARI 115 mm/hr 22.50 5.25 0.1 nd 2.05 0.83 2.15 1.18 nd nd 
 2 year ARI 65 mm/hr 10.17 14.00 nd nd 1.96 1.8 1.96 1.8 0.14 nd 
 2 year ARI 86 mm/hr 9.50 8.50 nd nd 2.05 1.2 2.05 1.2 nd nd 
 2 year ARI 115 mm/hr 14.25 5.75 0.05 nd 1.425 1 1.475 1 nd nd 
 2 year ARI 133 mm/hr 13.00 20.50 nd 0.1 1.8 1.45 1.8 1.35 nd nd 
 5 year ARI 133 mm/hr 9.31 12.75 nd 0.05 1.34 1.025 1.34 0.975 nd nd 
 10 year ARI 65 mm/hr 6.58 7.50 nd 0.02 1.30 0.74 1.30 0.72 0.08 nd 
 10 year ARI 86 mm/hr 6.75 11.00 nd nd 1.425 1.3 1.425 1.3 nd nd 
 10 year ARI 115 mm/hr 8.70 7.31 0.02 nd 0.90 0.84 0.922 0.84 nd nd 
 10 year ARI 133 mm/hr 8.29 6.53 nd nd 1.2 0.82 1.2 0.82 nd nd 
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Test site Simulated rain event Organic carbon Nitrate Kjeldahl Nitrogen Total Nitrogen Phosphorus 
 ARI & duration TOC DOC Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
PS3 1 year ARI 65 mm/hr 11.55 7.25 nd nd 1.75 1.45 1.75 1.45 nd nd 
 1 year ARI 86 mm/hr 11.00 8.00 0.06 0.06 2.1 1.75 2.15 1.8 nd nd 
 1 year ARI 115 mm/hr 19.00 15.00 0.3 0.26 1.5 1.3 1.8 1.6 nd nd 
 2 year ARI 65 mm/hr 8.13 5.11 nd nd 1.26 1.03 1.26 1.03 nd nd 
 2 year ARI 86 mm/hr 8.00 5.50 0.03 0.03 1.6 1.43 1.63 1.45 nd nd 
 2 year ARI 115 mm/hr 13.00 9.50 0.15 0.13 1.1 0.95 1.25 1.1 nd nd 
 2 year ARI 133 mm/hr 11.00 9.00 nd nd 1.25 1 1.9 1.0 nd nd 
 5 year ARI 133 mm/hr 8.69 6.69 nd nd 1.00 0.77 1.25 0.77 nd nd 
 10 year ARI 65 mm/hr 6.88 4.80 nd nd 1.00 0.86 1.00 0.86 nd nd 
 10 year ARI 86 mm/hr 6.73 4.53 0.01 0.01 1.19 1.06 1.20 1.07 nd nd 
 10 year ARI 115 mm/hr 8.56 6.02 0.06 0.052 0.716 0.60 0.78 0.66 nd nd 
 10 year ARI 133 mm/hr 7.82 5.82 nd nd 1.08 0.68 1.08 0.68 nd nd 
PS4 1 year ARI 65 mm/hr 17.45 15.78 0.05 0.04 4.06 3.49 4.29 3.52 nd nd 
 1 year ARI 86 mm/hr 26.00 22.00 nd nd 6.2 5.3 6.2 5.3 nd nd 
 1 year ARI 115 mm/hr 52.00 48.00 nd nd 8.5 4.6 8.6 4.6 0.34 nd 
 2 year ARI 65 mm/hr 12.40 11.44 0.08 0.08 3.19 2.78 3.37 2.55 nd nd 
 2 year ARI 86 mm/hr 17.00 14.50 0.07 nd 4.6 3.8 4.65 3.85 nd nd 
 2 year ARI 115 mm/hr 32.50 30.50 0.08 0.07 6.1 3.75 6.25 3.8 0.17 nd 
 2 year ARI 133 mm/hr 33.00 28.00 nd nd 5.2 4.0 5.5 4.0 0.235 nd 
 5 year ARI 133 mm/hr 21.92 18.77 0.07 0.06 3.91 2.85 4.16 2.89 0.13 nd 
 10 year ARI 65 mm/hr 8.98 8.28 0.10 0.09 2.55 2.19 2.69 2.11 nd nd 
 10 year ARI 86 mm/hr 11.25 10.00 0.10 0.06 3.4 2.73 3.48 2.8 nd nd 
 10 year ARI 115 mm/hr 17.74 16.76 0.12 0.10 3.90 2.71 4.07 2.79 0.07 nd 
 10 year ARI 133 mm/hr 18.41 16.00 0.09 0.07 3.44 2.44 3.68 2.49 0.10 nd 
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Test site Simulated rain event Organic carbon Nitrate Kjeldahl Nitrogen Total Nitrogen Phosphorus 
 ARI & duration TOC DOC Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
PS5 1 year ARI 65 mm/hr 17.40 15.50 0.25 0.227 2.69 1.53 2.95 1.76 0.317 nd 
 1 year ARI 86 mm/hr 30.00 25.00 0.21 0.18 5.1 3.3 5.3 3.5 0.39 nd 
 1 year ARI 115 mm/hr 42.00 36.00 0.19 0.16 5.2 3.5 5.4 3.7 0.71 nd 
 2 year ARI 65 mm/hr 12.37 11.29 0.23 0.22 2.17 1.15 2.40 1.36 0.18 nd 
 2 year ARI 86 mm/hr 20.50 17.50 0.21 0.18 4.2 2.5 4.4 2.7 0.31 nd 
 2 year ARI 115 mm/hr 27.00 23.50 0.18 0.16 4.20 2.45 4.40 2.65 0.56 nd 
 2 year ARI 133 mm/hr 18.00 18.00 0.16 0.16 3.7 1.7 3.9 1.9 0.76 nd 
 5 year ARI 133 mm/hr 12.92 12.46 0.17 0.16 2.73 1.28 2.93 1.48 0.54 nd 
 10 year ARI 65 mm/hr 8.82 7.92 0.22 0.21 1.60 0.83 1.82 1.04 0.10 nd 
 10 year ARI 86 mm/hr 13.50 11.50 0.2 0.17 3.03 1.88 3.23 2.08 0.16 nd 
 10 year ARI 115 mm/hr 14.56 12.72 0.19 0.17 2.71 1.46 2.91 1.66 0.22 nd 
 10 year ARI 133 mm/hr 11.29 10.71 0.17 0.15 2.42 1.10 2.62 1.28 0.41 nd 
PS6 1 year ARI 65 mm/hr 8.75 8.00 1.30 1.22 6.38 5.93 7.68 7.15 2.04 1.94 
 1 year ARI 86 mm/hr 12.00 11.00 1.2 1.1 45 44 46 45 39 40 
 1 year ARI 115 mm/hr 16.00 16.00 3.9 3.6 7.8 6.8 12 10 2 2.1 
 2 year ARI 65 mm/hr 6.71 6.11 0.96 0.90 4.41 4.11 5.40 5.02 1.39 1.29 
 2 year ARI 86 mm/hr 8.50 8.00 0.85 0.80 31.25 30.50 32.25 31.50 27.00 27.88 
 2 year ARI 115 mm/hr 12.50 12.50 2.6 2.4 6.2 5.4 8.95 7.6 1.6 1.65 
 2 year ARI 133 mm/hr 13.00 11.00 0.27 0.24 3.5 2.2 3.8 2.4 0.54 nd 
 5 year ARI 133 mm/hr 9.77 8.69 0.20 0.18 3.13 1.92 3.34 2.08 0.48 nd 
 10 year ARI 65 mm/hr 5.00 4.68 0.70 0.66 2.92 2.67 3.63 3.34 0.87 0.73 
 10 year ARI 86 mm/hr 6.25 5.50 0.61 0.57 19.45 18.68 20.13 19.35 16.83 17.44 
 10 year ARI 115 mm/hr 8.40 7.80 1.40 1.30 3.8 3.34 5.28 4.54 1.06 0.99 
 10 year ARI 133 mm/hr 8.65 7.82 0.15 0.13 2.79 1.75 2.95 1.87 0.44 nd 
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Test site Simulated rain event Organic carbon Nitrate Kjeldahl Nitrogen Total Nitrogen Phosphorus 
 ARI & duration TOC DOC Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
US1 1 year ARI 65 mm/hr 10 9 nd nd 3 1 3 1 nd nd 
 1 year ARI 86 mm/hr 18 14 nd nd 5 3 5 3 nd nd 
 1 year ARI 115 mm/hr 23 20 nd nd 4 2 4 2 nd nd 
 2 year ARI 65 mm/hr 9 9 nd nd 2 2 2 2 nd nd 
 2 year ARI 86 mm/hr 13 12 nd nd 3 2 3 2 nd nd 
 2 year ARI 115 mm/hr 18 17 nd nd 4 2 4 2 nd nd 
 2 year ARI 133 mm/hr 23 20 nd nd 5 3 5 3 nd nd 
 5 year ARI 133 mm/hr 17 16 nd nd 4 1 4 1 nd nd 
 10 year ARI 65 mm/hr 7 6 nd nd 1 1 1 1 nd nd 
 10 year ARI 86 mm/hr 10 10 nd nd 2 2 2 2 nd nd 
 10 year ARI 115 mm/hr 15 14 nd nd 4 2 4 2 nd nd 
 10 year ARI 133 mm/hr 16 14 nd nd 4 2 4 2 nd nd 
US2 1 year ARI 65 mm/hr 6 6 nd nd 7.7 7 7.7 7 0.4 nd 
 1 year ARI 86 mm/hr 7 7 nd nd 4.3 4 4.3 4 nd nd 
 1 year ARI 115 mm/hr 6 5 nd nd 1.8 2 1.8 2 nd nd 
 2 year ARI 65 mm/hr 5 4 nd nd 3 3 3 3 nd nd 
 2 year ARI 86 mm/hr 6 6 nd nd 1.8 2 1.8 2 nd nd 
 2 year ARI 115 mm/hr 5 5 nd nd 2.2 2 2.2 2 nd nd 
 2 year ARI 133 mm/hr 7 6 nd nd 2.5 2 2.5 2 nd nd 
 5 year ARI 133 mm/hr 5 4 nd nd 2.2 2 2.2 2 nd nd 
 10 year ARI 65 mm/hr 4 4 nd nd 3.2 3 3.2 3 nd nd 
 10 year ARI 86 mm/hr 5 4 nd nd 1.8 2 1.8 2 nd nd 
 10 year ARI 115 mm/hr 5 4 nd nd 2 2 2 2 nd nd 
 10 year ARI 133 mm/hr 5 4 nd nd 1.9 2 1.9 2 nd nd 
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Test site Simulated rain event Organic carbon Nitrate Kjeldahl Nitrogen Total Nitrogen Phosphorus 
 ARI & duration TOC DOC Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
US3 1 year ARI 65 mm/hr 9 8 nd nd 4.3 0.8 4.3 0.8 0.14 nd 
 1 year ARI 86 mm/hr 13 11 nd nd 6.3 1.8 6.4 1.8 0.54 nd 
 1 year ARI 115 mm/hr 10 9 nd nd 3.2 0.4 3.2 0.4 0.21 nd 
 2 year ARI 65 mm/hr 6 5 nd nd 3.5 0.6 3.5 0.6 0.36 nd 
 2 year ARI 86 mm/hr 9 7 nd nd 4.6 1.6 4.6 1.6 0.33 nd 
 2 year ARI 115 mm/hr 8 7 nd nd 4 1.4 4 1.4 0.21 nd 
 2 year ARI 133 mm/hr 9 7 nd nd 3.4 1.3 3.4 1.3 0.29 nd 
 5 year ARI 133 mm/hr 14 12 nd nd 4.5 1.1 4.5 1.1 0.36 nd 
 10 year ARI 65 mm/hr 5 5 nd nd 2.6 0.5 2.6 0.5 0.12 nd 
 10 year ARI 86 mm/hr 6 5 nd nd 2.6 1.1 2.6 1.1 0.09 nd 
 10 year ARI 115 mm/hr 6 6 nd nd 3.4 1.1 3.4 1.1 0.14 nd 
 10 year ARI 133 mm/hr 7 7 nd nd 2.6 0.6 2.6 0.6 0.17 nd 
            
 
Note: 
nd Not detected 
nt Not tested 
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Table C3 – Wash-off samples (heavy metals) 
Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Aluminium Arsenic  Cadminum Chromium Copper 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS1 1 year ARI 65 mm/hr 4.9 nd nd nd 0.0006 nd 0.01 nd 0.045 0.01 
 1 yr ARI 86 mm/hr 2.9 nd nd nd nd nd 0.005 nd 0.03 0.01 
 1 year ARI 115 mm/hr 2.4 0.05 nd nd 0.0006 nd 0.004 nd 0.02 0.01 
 2 year ARI 65 mm/hr 1.7 nd nd nd 0.0005 nd 0.01 nd 0.04 0.01 
 2 year ARI 86 mm/hr 2.1 nd nd nd nd nd 0.01 nd 0.03 0.01 
 2 year ARI 115 mm/hr 1.933 0.0915 nd nd 0.00057 0.001 0.007 nd 0.02 0.01 
 2 year ARI 133 mm/hr 2.8 0.22 nd nd nd nd 0.01 0.002 0.04 0.02 
 5 year ARI 133 mm/hr 2.2 0.27 nd nd nd nd 0.00733 0.0005 0.03 0.025 
 10 year ARI 65 mm/hr 0.69 nd nd nd nd nd 0.004 0.001 0.02 0.01 
 10 year ARI 86 mm/hr 1.4 0.04 nd nd 0.0006 nd 0.02 0.001 0.04 0.02 
 10 year ARI 115 mm/hr 0.92 0.2 nd nd nd nd 0.01 0.001 0.03 0.02 
 10 year ARI 133 mm/hr 1.9 0.31 nd nd nd nd 0.01 nd 0.02 0.01 
PS2 1 year ARI 65 mm/hr 7.13 0.0358 nd nd 0.0006 nd 0.06 nt 0.012 0.016 
 1 year ARI 86 mm/hr 4.4 0.038457 nd nd nd nd 0.013 nt 0.03 0.01 
 1 year ARI 115 mm/hr 4.55 0.036677 nd nd 0.0006 nd 0.008 nt 0.057 0.009 
 2 year ARI 65 mm/hr 4.67429 0 nd nd 0.0005 nd 0.047 nt 0.063 0.011 
 2 year ARI 86 mm/hr 2.825 0.01825 nd nd 0.0005 nd 0.015 nt 0.029 0.006 
 2 year ARI 115 mm/hr 3.225 0.0189 nd nd 0.00057 nd 0.007 nt 0.014 0.005 
 2 year ARI 133 mm/hr 3.6 0.0425 nd nd nd nd 0.056 nt 0.059 0.015 
 5 year ARI 133 mm/hr 2.35846 0.04675 nd nd nd nd 0.028 nt 0.025 0.004 
 10 year ARI 65 mm/hr 2.80031 0.03986 nd nd nd nd 0.013 nt 0.016 0.004 
 10 year ARI 86 mm/hr 1.7195 nd nd nd 0.0006 nd 0.052 nt 0.05 0.011 
 10 year ARI 115 mm/hr 1.6888 nd nd nd nd nd 0.01 nt 0.021 0.005 
 10 year ARI 133 mm/hr 1.92588 0.007529 nd nd nd nd 0.005 nt 0.013 0.006 
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Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Aluminium Arsenic  Cadminum Chromium Copper 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS3 1 year ARI 65 mm/hr 0.433 0.174 nd nt nd nt 0.0033 nt 0.0086 0.00365 
 1 year ARI 86 mm/hr 0.455 0.1725 nd nt nd nt 0.004 nt 0.0075 0.003 
 1 year ARI 115 mm/hr 0.86 0.13 nd nt nd nt 0.008 nt 0.014 0.004 
 2 year ARI 65 mm/hr 0.39133 0.216222 nd nt nd nt 0.00258 nt 0.00638 0.002733 
 2 year ARI 86 mm/hr 0.4425 0.27125 nd nt nd nt 0.003 nt 0.00525 0.0025 
 2 year ARI 115 mm/hr 0.705 0.255 nd nt nd nt 0.0055 nt 0.0095 0.003 
 2 year ARI 133 mm/hr 0.6 0.17 nd nt nd nt 0.007 nt 0.007 0.003 
 5 year ARI 133 mm/hr 0.53077 0.271538 nd nt nd nt 0.00515 nt 0.00515 0.002077 
 10 year ARI 65 mm/hr 0.40613 0.280933 nd nt nd nt 0.00208 nt 0.00489 0.002187 
 10 year ARI 86 mm/hr 0.50475 0.371625 nd nt nd nt 0.00278 nt 0.00445 0.0018 
 10 year ARI 115 mm/hr 0.5928 0.399 nd nt nd nt 0.00364 nt 0.0062 0.0018 
 10 year ARI 133 mm/hr 0.51647 0.311176 nd nt nd nt 0.00441 nt 0.00441 0.001824 
PS4 1 year ARI 65 mm/hr 0.905 0.049688 0.00135 nt nd nt 0.00503 nt 0.01778 0.011738 
 1 year ARI 86 mm/hr 1.8 0.069 nd nt nd nt 0.009 nt 0.028 0.016 
 1 year ARI 115 mm/hr 2.3 0.13 nd nt nd nt 0.014 nt 0.044 0.032 
 2 year ARI 65 mm/hr 0.65857 0.048107 0.00077 nt nd nt 0.00359 nt 0.01373 0.009564 
 2 year ARI 86 mm/hr 1.4 0.0655 nd nt nd nt 0.0065 nt 0.0205 0.0115 
 2 year ARI 115 mm/hr 1.85 0.098 nd nt nd nt 0.01 nt 0.035 0.0215 
 2 year ARI 133 mm/hr 2.05 0.0885 nd nt nd nt 0.0115 nt 0.166 0.018 
 5 year ARI 133 mm/hr 1.53308 0.087808 nd nt nd nt 0.0085 nt 0.09492 0.012923 
 10 year ARI 65 mm/hr 0.49585 0.049027 0.00042 nt nd nt 0.0023 nt 0.01099 0.007781 
 10 year ARI 86 mm/hr 0.9425 0.07325 nd nt nd nt 0.0045 nt 0.01575 0.0095 
 10 year ARI 115 mm/hr 1.1204 0.08948 nd nt nd nt 0.00586 nt 0.01996 0.01238 
 10 year ARI 133 mm/hr 1.32529 0.0855 nd nt nd nt 0.00744 nt 0.07471 0.011059 
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Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Aluminium Arsenic  Cadminum Chromium Copper 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS5 1 year ARI 65 mm/hr 7.14 nd 0.0067 nt 0.00081 nt 0.06 nt 0.0535 0.00709 
 1 year ARI 86 mm/hr 9.55 nd 0.007 nt 0.001 nt 0.088 nt 0.0695 0.00985 
 1 year ARI 115 mm/hr 20 nd 0.024 nt 0.002 nt 0.2 nt 0.13 0.015 
 2 year ARI 65 mm/hr 5.16571 0.027571 0.00383 nt 0.00046 nt 0.04386 nt 0.04014 0.005623 
 2 year ARI 86 mm/hr 6.925 nd 0.007 nt 0.001 nt 0.064 nt 0.05125 0.007425 
 2 year ARI 115 mm/hr 14.5 0.019 0.0175 nt 0.00145 nt 0.144 nt 0.097 0.01 
 2 year ARI 133 mm/hr 19 0.068 0.017 nt 0.002 nt 0.19 nt 0.13 0.008 
 5 year ARI 133 mm/hr 13.0923 0.101231 0.01238 nt 0.0014 nt 0.13115 nt 0.09192 0.006154 
 10 year ARI 65 mm/hr 3.33231 0.096385 0.00206 nt 0.00025 nt 0.02792 nt 0.02715 0.004258 
 10 year ARI 86 mm/hr 4.4875 0.05625 0.0035 nt 0.0005 nt 0.041 nt 0.03438 0.005213 
 10 year ARI 115 mm/hr 7.94 0.1304 0.0102 nt 0.00066 nt 0.07724 nt 0.05508 0.00612 
 10 year ARI 133 mm/hr 10.9059 0.140941 0.00947 nt 0.00124 nt 0.109 nt 0.07829 0.005647 
PS6 1 year ARI 65 mm/hr 0.9 nd nd nt 0.0006 nt 0.0065 nt 0.023 0.0065 
 1 year ARI 86 mm/hr 1.4 0.14 0.006 nt nd nt 0.012 nt 0.038 0.009 
 1 year ARI 115 mm/hr 0.99 0.41 nd nt nd nt 0.008 nt 0.025 0.025 
 2 year ARI 65 mm/hr 0.70971 nd nd nt 0.0003 nt 0.00543 nt 0.01957 0.005429 
 2 year ARI 86 mm/hr 1.2325 0.31625 0.003 nt nd nt 0.01088 nt 0.0325 0.015625 
 2 year ARI 115 mm/hr 0.755 0.3 nd nt nd nt 0.0065 nt 0.0205 0.02 
 2 year ARI 133 mm/hr 1.9 nd nd nt nd nt 0.02 nt 0.063 0.012 
 5 year ARI 133 mm/hr 1.71538 0.023077 nd nt nd nt 0.01862 nt 0.05746 0.008769 
 10 year ARI 65 mm/hr 0.52769 nd nd nt 0.00015 nt 0.00414 nt 0.01509 0.004431 
 10 year ARI 86 mm/hr 1.00125 0.353125 0.0015 nt nd nt 0.00944 nt 0.027 0.016313 
 10 year ARI 115 mm/hr 0.578 0.13 nd nt nd nt 0.005 nt 0.0158 0.0106 
 10 year ARI 133 mm/hr 1.60588 0.031765 nd nt nd nt 0.01776 nt 0.07453 0.007412 
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Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Aluminium Arsenic  Cadminum Chromium Copper 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US1 1 year ARI 65 mm/hr 1.55 nd nd nt nd nt nd nt 0.0205 0.0055 
 1 year ARI 86 mm/hr 1.2 nd nd nt nd nt nd nt 0.022 0.01 
 1 year ARI 115 mm/hr 1.4 nd nd nt nd nt nd nt 0.017 nd 
 2 year ARI 65 mm/hr 1.7 nd nd nt nd nt nd nt 0.03 0.015 
 2 year ARI 86 mm/hr 1.4 nd nd nt nd nt nd nt 0.017 nd 
 2 year ARI 115 mm/hr 1.9 0.43 nd nt nd nt nd nt 0.017 nd 
 2 year ARI 133 mm/hr 2.2 0.53 nd nt nd nt nd nt 0.022 nd 
 5 year ARI 133 mm/hr 2.4 0.775 nd nt nd nt nd nt 0.02 nd 
 10 year ARI 65 mm/hr 1.5 nd nd nt nd nt nd nt 0.019 nd 
 10 year ARI 86 mm/hr 1.6 nd nd nt nd nt nd nt 0.017 0.011 
 10 year ARI 115 mm/hr 2.4 0.76 nd nt nd nt nd nt 0.019 nd 
 10 year ARI 133 mm/hr 2.2 0.92 nd nt nd nt nd nt 0.017 nd 
US2 1 year ARI 65 mm/hr 8 nd 0.004 nt 0.02 nt 0.1 nt 0.3 0.011 
 1 year ARI 86 mm/hr 2.5 nd nd nt 0.002 nt 0.021 nt 0.068 0.009 
 1 year ARI 115 mm/hr 2 nd nd nt 0.001 nt 0.016 nt 0.043 0.007 
 2 year ARI 65 mm/hr 3.3 nd nd nt 0.001 nt 0.038 nt 0.14 0.008 
 2 year ARI 86 mm/hr 1.7 nd nd nt 0.0007 nt 0.014 nt 0.048 0.007 
 2 year ARI 115 mm/hr 2.5 0.13 nd nt 0.0007 nt 0.017 nt 0.045 0.007 
 2 year ARI 133 mm/hr 4.4 0.33 nd nt 0.001 nt 0.039 nt 0.11 0.009 
 5 year ARI 133 mm/hr 3.3 0.4 nd nt 0.0006 nt 0.022 nt 0.073 0.006 
 10 year ARI 65 mm/hr 1.7 nd nd nt 0.0008 nt 0.022 nt 0.082 0.008 
 10 year ARI 86 mm/hr 1.2 nd nd nt 0.0006 nt 0.0093 nt 0.029 0.006 
 10 year ARI 115 mm/hr 2 0.38 nd nt 0.0006 nt 0.009 nt 0.032 0.005 
 10 year ARI 133 mm/hr 0 0.34 nd nt nd nt nd nt nd 0.006 
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Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Aluminium Arsenic  Cadminum Chromium Copper 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US3 1 year ARI 65 mm/hr 6 nd nd nt 0.001 nt 0.018 nt 0.076 0.022 
 1 year ARI 86 mm/hr 23 nd 0.008 nt 0.003 nt 0.064 nt 0.14 0.013 
 1 year ARI 115 mm/hr 8.9 nd 0.004 nt 0.002 nt 0.025 nt 0.066 0.012 
 2 year ARI 65 mm/hr 19 nd 0.007 nt 0.001 nt 0.048 nt 0.09 0.006 
 2 year ARI 86 mm/hr 14 nd 0.007 nt 0.002 nt 0.04 nt 0.07 0.006 
 2 year ARI 115 mm/hr 9.1 nd nd nt 0.003 nt 0.024 nt 0.048 0.008 
 2 year ARI 133 mm/hr 13 nd 0.005 nt 0.002 nt 0.035 nt 0.067 0.007 
 5 year ARI 133 mm/hr 16 nd 0.01 nt 0.003 nt 0.044 nt 0.09 0.01 
 10 year ARI 65 mm/hr 4.8 nd nd nt 0.002 nt 0.015 nt 0.029 0.005 
 10 year ARI 86 mm/hr 3.3 nd nd nt 0.001 nt 0.011 nt 0.02 0.004 
 10 year ARI 115 mm/hr 6.1 nd nd nt 0.001 nt 0.016 nt 0.033 0.006 
 10 year ARI 133 mm/hr 7.4 nd nd nt 0.002 nt 0.02 nt 0.043 0.005 
 
Note: 
nd Not detected 
nt Not tested 
 
 
  87 
Table C3 – Wash-off samples (heavy metals) contd. 
Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Mercury Nickel Lead Zinc 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS1 1 year ARI 65 mm/hr nd nd 0.02 0.0015 0.02 0.003 0.735 0.325 
 1 yr ARI 86 mm/hr nd nd 0.008 nd 0.01 0.004 0.56 0.28 
 1 year ARI 115 mm/hr nd nd 0.003 nd 0.009 0.005 0.41 0.24 
 2 year ARI 65 mm/hr nd nd 0.009 0.003 0.02 0.004 1.3 0.46 
 2 year ARI 86 mm/hr nd nd 0.006 nd 0.02 0.006 1.1 0.39 
 2 year ARI 115 mm/hr nd nd 0.004 nd 0.01 0.006 0.8 0.2 
 2 year ARI 133 mm/hr nd nd 0.009 0.002 0.02 nd 0.53 0.19 
 5 year ARI 133 mm/hr nd nd 0.0077 0.0055 0.01 0.0055 0.38 0.095 
 10 year ARI 65 mm/hr nd nd 0.003 nd 0.007 0.005 0.27 0.02 
 10 year ARI 86 mm/hr nd nd 0.01 0.001 0.02 0.005 0.76 0.04 
 10 year ARI 115 mm/hr nd nd 0.008 nd 0.01 0.006 0.67 0.02 
 10 year ARI 133 mm/hr nd nd 0.006 nd 0.143 0.004 0.61 0.02 
PS2 1 year ARI 65 mm/hr nd nd 0.0084 nt 0.032 nd 2.7 0.159 
 1 year ARI 86 mm/hr nd nd 0.0035 nt 0.009 nd 1.2 0.066 
 1 year ARI 115 mm/hr nd nd 0.004 nt 0.085 nd 0.78 0.037 
 2 year ARI 65 mm/hr nd nd 0.019 nt 0.029 nd 2.4 0.23 
 2 year ARI 86 mm/hr nd nd 0.0033 nt 0.007 nd 1.6 0.12 
 2 year ARI 115 mm/hr nd nd 0.0021 nt 0.1 nd 1.2 0.119 
 2 year ARI 133 mm/hr nd nd 0.026 nt 0.039 nd 2.6 0.52 
 5 year ARI 133 mm/hr nd nd 0.0091 nt 0.014 nd 1.8 0.16 
 10 year ARI 65 mm/hr nd nd 0.0014 nt 0.12 nd 1.4 0.19 
 10 year ARI 86 mm/hr nd nd 0.021 nt 0.031 nd 2.2 0.23 
 10 year ARI 115 mm/hr nd nd 0.0023 nt 0.016 nd 0.93 0.055 
 10 year ARI 133 mm/hr nd nd nd nt 0.143 nd 0.72 0.1 
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Test site Simulated rain event Heavy Metals (mg/L) 
 ARI & duration Mercury Nickel Lead Zinc 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS3 1 year ARI 65 mm/hr nd nt 0.00165 nt 0.0039 nd 0.6005 0.0507 
 1 year ARI 86 mm/hr nd nt 0.002 nt 0.005 nd 0.685 0.0395 
 1 year ARI 115 mm/hr nd nt 0.003 nt 0.008 nd 1.3 0.19 
 2 year ARI 65 mm/hr nd nt 0.00107 nt 0.00173 nd 0.52133 0.048867 
 2 year ARI 86 mm/hr nd nt 0.001 nt 0.0025 nd 0.4825 0.03025 
 2 year ARI 115 mm/hr nd nt 0.002 nt 0.004 nd 1.15 0.11 
 2 year ARI 133 mm/hr nd nt 0.002 nt 0.007 nd 1.2 0.065 
 5 year ARI 133 mm/hr nd nt 0.00154 nt 0.00377 nd 0.90462 0.051615 
 10 year ARI 65 mm/hr nd nt 0.00064 nt 0.00104 nd 0.4756 0.045867 
 10 year ARI 86 mm/hr nd nt 0.00073 nt 0.00125 nd 0.395 0.0256 
 10 year ARI 115 mm/hr nd nt 0.0008 nt 0.0016 nd 0.9196 0.05312 
 10 year ARI 133 mm/hr nd nt 0.00118 nt 0.00288 nd 0.80235 0.045353 
PS4 1 year ARI 65 mm/hr nd nt 0.00416 nt 0.00405 nd 0.45875 0.2315 
 1 year ARI 86 mm/hr nd nt 0.0069 nt 0.012 nd 0.36 0.16 
 1 year ARI 115 mm/hr nd nt 0.012 nt 0.0091 nd 1 0.63 
 2 year ARI 65 mm/hr nd nt 0.00298 nt 0.00231 nd 0.34643 0.165714 
 2 year ARI 86 mm/hr nd nt 0.00495 nt 0.0085 nd 0.275 0.104 
 2 year ARI 115 mm/hr nd nt 0.00825 nt 0.00755 nd 0.71 0.38 
 2 year ARI 133 mm/hr nd nt 0.008 nt 0.00925 nd 0.71 0.34 
 5 year ARI 133 mm/hr nd nt 0.00569 nt 0.00729 nd 0.54846 0.202 
 10 year ARI 65 mm/hr nd nt 0.00278 nt 0.00125 nd 0.24562 0.111062 
 10 year ARI 86 mm/hr nd nt 0.0035 nt 0.00525 nd 0.265 0.083 
 10 year ARI 115 mm/hr nd nt 0.00467 nt 0.00302 nd 0.527 0.18944 
 10 year ARI 133 mm/hr nd nt 0.00492 nt 0.00557 nd 0.50882 0.164824 
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Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Mercury Nickel Lead Zinc 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS5 1 year ARI 65 mm/hr nd nt 0.0227 nt 0.0666 nd 1.92 0.325 
 1 year ARI 86 mm/hr nd nt 0.0315 nt 0.098 nd 2.55 0.625 
 1 year ARI 115 mm/hr nd nt 0.066 nt 0.18 nd 3.1 0.4 
 2 year ARI 65 mm/hr nd nt 0.01611 nt 0.04963 nd 1.64 0.265714 
 2 year ARI 86 mm/hr nd nt 0.02275 nt 0.0735 nd 2.075 0.4575 
 2 year ARI 115 mm/hr nd nt 0.0475 nt 0.136 nd 2.5 0.27 
 2 year ARI 133 mm/hr nd nt 0.06 nt 0.23 nd 3.4 0.24 
 5 year ARI 133 mm/hr nd nt 0.04108 nt 0.16123 nd 2.56923 0.133615 
 10 year ARI 65 mm/hr nd nt 0.01022 nt 0.03257 nd 1.19846 0.160615 
 10 year ARI 86 mm/hr nd nt 0.01438 nt 0.048 nd 1.575 0.29375 
 10 year ARI 115 mm/hr nd nt 0.0254 nt 0.07708 nd 1.76 0.12216 
 10 year ARI 133 mm/hr nd nt 0.03424 nt 0.13553 nd 2.22353 0.103588 
PS6 1 year ARI 65 mm/hr nd nt 0.0065 nt 0.0155 nd 1.175 0.7025 
 1 year ARI 86 mm/hr nd nt 0.01 nt 0.027 nd 1.2 0.11 
 1 year ARI 115 mm/hr nd nt 0.008 nt 0.016 0.01 0.93 0.95 
 2 year ARI 65 mm/hr nd nt 0.00569 nt 0.01273 nd 1.1 0.65 
 2 year ARI 86 mm/hr nd nt 0.00888 nt 0.0255 0.00625 1.2 0.6425 
 2 year ARI 115 mm/hr nd nt 0.0065 nt 0.0129 0.009 0.88 0.9 
 2 year ARI 133 mm/hr nd nt 0.0092 nt 0.055 nd 1.7 0.25 
 5 year ARI 133 mm/hr nd nt 0.00865 nt 0.05131 nd 1.74615 0.177077 
 10 year ARI 65 mm/hr nd nt 0.00508 nt 0.00946 nd 0.86677 0.526154 
 10 year ARI 86 mm/hr nd nt 0.00744 nt 0.02175 0.008125 1.15 0.87125 
 10 year ARI 115 mm/hr nd nt 0.005 nt 0.01106 0.0036 0.876 0.594 
 10 year ARI 133 mm/hr nd nt 0.00826 nt 0.04853 nd 1.78235 0.160118 
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Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Mercury Nickel Lead Zinc 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US1 1 year ARI 65 mm/hr 0.00005 nt nd nt nd nd 0.205 0.0695 
 1 year ARI 86 mm/hr nd nt nd nt nd nd 0.23 0.096 
 1 year ARI 115 mm/hr nd nt nd nt nd nd 0.18 0.07 
 2 year ARI 65 mm/hr nd nt nd nt nd nd 0.22 0.049 
 2 year ARI 86 mm/hr nd nt nd nt nd nd 0.17 0.054 
 2 year ARI 115 mm/hr nd nt nd nt nd nd 0.18 0.053 
 2 year ARI 133 mm/hr nd nt nd nt nd nd 0.26 0.098 
 5 year ARI 133 mm/hr nd nt nd nt nd nd 0.26 0.067 
 10 year ARI 65 mm/hr 0.0001 nt nd nt nd nd 0.19 0.032 
 10 year ARI 86 mm/hr nd nt nd nt nd nd 0.14 nd 
 10 year ARI 115 mm/hr nd nt nd nt nd nd 0.19 0.036 
 10 year ARI 133 mm/hr nd nt nd nt nd nd 0.2 0.049 
US2 1 year ARI 65 mm/hr 0.003 nt 0.067 nt 0.12 nd 1.5 0.39 
 1 year ARI 86 mm/hr nd nt 0.015 nt 0.056 nd 1.4 0.54 
 1 year ARI 115 mm/hr nd nt 0.011 nt 0.046 nd 0.6 0.2 
 2 year ARI 65 mm/hr nd nt 0.028 nt 0.054 nd 1 0.35 
 2 year ARI 86 mm/hr nd nt 0.009 nt 0.043 nd 0.87 0.34 
 2 year ARI 115 mm/hr nd nt 0.01 nt 0.051 nd 0.65 0.095 
 2 year ARI 133 mm/hr nd nt 0.024 nt 0.083 nd 1.2 0.14 
 5 year ARI 133 mm/hr nd nt 0.015 nt 0.047 nd 0.74 0.054 
 10 year ARI 65 mm/hr nd nt 0.017 nt 0.028 nd 0.66 0.28 
 10 year ARI 86 mm/hr nd nt 0.006 nt 0.024 nd 0.5 0.17 
 10 year ARI 115 mm/hr nd nt 0.006 nt 0.028 nd 0.38 0.029 
 10 year ARI 133 mm/hr nd nt nd nt nd nd nd 0.031 
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Test site Simulated rain event Heavy Metals (mg/L) 
ARI & duration Mercury Nickel Lead Zinc 
 Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US3 1 year ARI 65 mm/hr 0.0006 nt 0.011 nt 0.022 nd 1.2 0.8 
 1 year ARI 86 mm/hr 0.0007 nt 0.037 nt 0.049 nd 1.7 0.53 
 1 year ARI 115 mm/hr 0.0003 nt 0.016 nt 0.018 nd 0.64 0.29 
 2 year ARI 65 mm/hr 0.0002 nt 0.031 nt 0.029 nd 2.1 0.74 
 2 year ARI 86 mm/hr 0.0001 nt 0.023 nt 0.023 nd 1.2 0.44 
 2 year ARI 115 mm/hr 0.0001 nt 0.015 nt 0.015 nd 0.64 0.26 
 2 year ARI 133 mm/hr 0.0005 nt 0.019 nt 0.024 nd 0.8 0.25 
 5 year ARI 133 mm/hr 0.0002 nt 0.026 nt 0.033 nd 0.93 0.3 
 10 year ARI 65 mm/hr 0.0007 nt 0.25 nt 0.011 nd 1.1 0.76 
 10 year ARI 86 mm/hr 0.0002 nt 0.012 nt 0.008 nd 0.51 0.34 
 10 year ARI 115 mm/hr 0.0003 nt 0.012 nt 0.01 nd 0.51 0.24 
 10 year ARI 133 mm/hr 0.0001 nt 0.012 nt 0.012 nd 0.53 0.21 
 
Note: 
nd Not detected 
nt Not tested 
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Table C4 – Wash-off samples (BTEXs) 
Test site Simulated rain event BTEX (mg/L) 
 ARI & duration Benzene Toluene Ethyl Benzene m+p Xylenes o-Xylene Total BTEX 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS1 1 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
PS2 1 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 
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Test site Simulated rain event BTEX (mg/L) 
 ARI & duration Benzene Toluene Ethyl Benzene m+p Xylenes o-Xylene Total BTEX 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS3 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
PS4 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
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Test site Simulated rain event BTEX (mg/L) 
 ARI & duration Benzene Toluene Ethyl Benzene m+p Xylenes o-Xylene Total BTEX 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS5 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
PS6 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
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Test site Simulated rain event BTEX (mg/L) 
 ARI & duration Benzene Toluene Ethyl Benzene m+p Xylenes o-Xylene Total BTEX 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US1 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
US2 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
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Test site Simulated rain event BTEX (mg/L) 
 ARI & duration Benzene Toluene Ethyl Benzene m+p Xylenes o-Xylene Total BTEX 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US3 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 
 
Note: 
nd Not detected 
nt Not tested 
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Table C5 – Wash-off samples (Total Petroleum Hydrocarbons) 
Test site Simulated rain event TPH (mg/L) 
 ARI & duration C6-C9 C10-14 C15-28 C29-36 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS1 1 year ARI 65 mm/hr 130 145 nd nd 700 nd 1150 nd 
 1 year ARI 86 mm/hr 110 340 nd nd 860 nd 1100 130 
 1 year ARI 115 mm/hr 88 110 nd nd 300 nd 590 nd 
 2 year ARI 65 mm/hr 190 210 120 nd 1900 160 2200 nd 
 2 year ARI 86 mm/hr 140 160 nd nd 610 290 560 200 
 2 year ARI 115 mm/hr 110 120 59 nd 410 nd 470 nd 
 2 year ARI 133 mm/hr 190 210 90 99 360 490 370 210 
 5 year ARI 133 mm/hr 170 185 nd nd 335 505 365 295 
 10 year ARI 65 mm/hr 120 130 nd nd nd nd 110 nd 
 10 year ARI 86 mm/hr 160 160 nd 62 550 650 640 400 
 10 year ARI 115 mm/hr 130 130 nd 59 340 390 530 270 
 10 year ARI 133 mm/hr 120 130 nd nd 450 480 640 360 
PS2 1 year ARI 65 mm/hr 105 103 nd 130 680 895 580 285 
 1 year ARI 86 mm/hr 65 76 71 nd 630 nd 370 nd 
 1 year ARI 115 mm/hr 55 42 nd nd 160 110 nd nd 
 2 year ARI 65 mm/hr 120 140 140 nd 2200 1000 1500 310 
 2 year ARI 86 mm/hr 73 89 nd nd 450 550 290 170 
 2 year ARI 115 mm/hr 61 59 82 nd 340 600 260 230 
 2 year ARI 133 mm/hr 40 39 215 83 2550 860 1750 215 
 5 year ARI 133 mm/hr 33 33 66 nd 990 300 870 140 
 10 year ARI 65 mm/hr nd 26 52 nd 300 150 250 nd 
 10 year ARI 86 mm/hr 96 88 220 nd 3500 900 3300 290 
 10 year ARI 115 mm/hr 57 53 72 nd 330 270 190 nd 
 10 year ARI 133 mm/hr 50 49 nd nd 215 150 170 nd 
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Test site Simulated rain event TPH (mg/L) 
 ARI & duration C6-C9 C10-14 C15-28 C29-36 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS3 1 year ARI 65 mm/hr 138.3 136.9 133.05 55.25 355 117 284 nd 
 1 year ARI 86 mm/hr 235 230 345 33.5 680 110 420 nd 
 1 year ARI 115 mm/hr 66 63 200 170 1100 620 680 120 
 2 year ARI 65 mm/hr 101.356 100.8444 59.1333 24.55556 157.778 52 126.222 nd 
 2 year ARI 86 mm/hr 187.5 185 227.5 16.75 340 55 210 nd 
 2 year ARI 115 mm/hr 51 49.5 220 85 660 440 480 60 
 2 year ARI 133 mm/hr 170 170 200 nd 590 nd 450 nd 
 5 year ARI 133 mm/hr 129.846 131.2308 195.385 nd 317.692 nd 242.308 nd 
 10 year ARI 65 mm/hr 84.0133 84.44 35.48 14.73333 94.6667 31.2 75.7333 nd 
 10 year ARI 86 mm/hr 134.25 134.925 113.75 8.375 217.25 27.5 136.5 nd 
 10 year ARI 115 mm/hr 26.4 35.76 104.2 34 289.2 176 210 24 
 10 year ARI 133 mm/hr 111.765 113.0588 164.941 nd 242.941 nd 185.294 nd 
PS4 1 year ARI 65 mm/hr 230.875 227.5 24.6375 nd 308.25 nd 200.5 nd 
 1 year ARI 86 mm/hr 340 330 nd nd 370 570 290 200 
 1 year ARI 115 mm/hr 370 370 nd 140 nd 1400 nd 590 
 2 year ARI 65 mm/hr 177.214 175.7143 14.0786 nd 176.143 nd 114.571 nd 
 2 year ARI 86 mm/hr 270 265 nd nd 185 285 145 100 
 2 year ARI 115 mm/hr 320 320 nd 70 nd 700 nd 295 
 2 year ARI 133 mm/hr 280 290 nd nd 430 160 290 nd 
 5 year ARI 133 mm/hr 233.846 243.8462 nd nd 296.154 86.15385 239.231 nd 
 10 year ARI 65 mm/hr 129.485 129.6923 37.1192 20.30769 94.8462 62.76923 82 36.92308 
 10 year ARI 86 mm/hr 210 202.5 nd nd 92.5 142.5 72.5 50 
 10 year ARI 115 mm/hr 235.4 237.8 nd 71.92 nd 372.4 nd 139.6 
 10 year ARI 133 mm/hr 209.412 217.0588 nd nd 226.471 120 182.941 nd 
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Test site Simulated rain event TPH (mg/L) 
 ARI & duration C6-C9 C10-14 C15-28 C29-36 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
PS5 1 year ARI 65 mm/hr 148 145 93.4 nd 1322 688 1264 253 
 1 year ARI 86 mm/hr 290 270 130 99 1800 1500 2000 790 
 1 year ARI 115 mm/hr 210 210 260 180 1900 2200 1000 810 
 2 year ARI 65 mm/hr 129.286 124 119.086 nd 1149.71 426 1345.14 174.5714 
 2 year ARI 86 mm/hr 255 245 120 49.5 1500 910 1750 510 
 2 year ARI 115 mm/hr 190 190 205 90 2000 1410 2000 680 
 2 year ARI 133 mm/hr 150 130 150 nd 2700 770 4000 530 
 5 year ARI 133 mm/hr 121.385 107.3846 121.846 nd 1961.54 520.7692 3076.92 405.3846 
 10 year ARI 65 mm/hr 106.385 107.6923 64.1231 nd 749.846 254 970.462 121.6923 
 10 year ARI 86 mm/hr 187.5 187.5 92.5 24.75 827.5 500 980 300 
 10 year ARI 115 mm/hr 133.8 129.2 180 36 1249.6 716.4 1437.2 402.8 
 10 year ARI 133 mm/hr 109.294 97.41176 115.529 nd 1671.76 440.5882 2635.29 357.0588 
PS6 1 year ARI 65 mm/hr 342.5 320 nd nd 682.5 nd 720 nd 
 1 year ARI 86 mm/hr nd nd nd nd 590 nd 610 nd 
 1 year ARI 115 mm/hr 34 nd nd nd 1200 nd 870 nd 
 2 year ARI 65 mm/hr 287.429 271.1429 nd nd 570.857 nd 583.714 nd 
 2 year ARI 86 mm/hr nd nd nd nd 440 nd 587.5 nd 
 2 year ARI 115 mm/hr 32 nd 35 nd 1150 nd 905 nd 
 2 year ARI 133 mm/hr 450 390 nd nd 440 nd 330 nd 
 5 year ARI 133 mm/hr 403.846 348.4615 nd nd 287.692 nd 311.538 nd 
 10 year ARI 65 mm/hr 181.846 174.7692 27.0769 nd 533.692 nd 494.462 nd 
 10 year ARI 86 mm/hr nd nd nd nd 402.5 nd 668.75 nd 
 10 year ARI 115 mm/hr 12.8 nd 14 nd 666 nd 610 nd 
 10 year ARI 133 mm/hr 308.824 266.4706 nd nd 276.471 nd 388.824 nd 
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Test site Simulated rain event TPH (mg/L) 
 ARI & duration C6-C9 C10-14 C15-28 C29-36 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US1 1 year ARI 65 mm/hr 26 nd nd nd 250 nd 110 nd 
 1 year ARI 86 mm/hr 53 45 140 nd 430 120 190 nd 
 1 year ARI 115 mm/hr nd nd 240 93 450 210 370 nd 
 2 year ARI 65 mm/hr 25 nd nd nd 270 nd 160 nd 
 2 year ARI 86 mm/hr 34 26 110 nd 250 nd 170 nd 
 2 year ARI 115 mm/hr 29 nd 340 nd 380 160 280 nd 
 2 year ARI 133 mm/hr 32 29 230 270 430 260 290 nd 
 5 year ARI 133 mm/hr 26 nd 200 nd 360 200 390 120 
 10 year ARI 65 mm/hr nd nd nd nd 130 nd nd nd 
 10 year ARI 86 mm/hr nd nd 79 nd 150 nd nd nd 
 10 year ARI 115 mm/hr nd nd 260 nd 220 nd 200 nd 
 10 year ARI 133 mm/hr nd nd 210 nd 290 210 350 nd 
US2 1 year ARI 65 mm/hr nd nd nd nd 130 nd nd nd 
 1 year ARI 86 mm/hr 31 41 nd nd 160 nd nd nd 
 1 year ARI 115 mm/hr 25 nd nd nd nd nd 140 110 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd 
 2 year ARI 86 mm/hr 28 27 nd nd 100 nd nd nd 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd 
 2 year ARI 133 mm/hr nd nd nd nd 110 nd 120 nd 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd 
 10 year ARI 65 mm/hr nd nd 66 nd nd nd nd nd 
 10 year ARI 86 mm/hr nd nd nd 56 nd nd nd nd 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd 
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Test site Simulated rain event TPH (mg/L) 
 ARI & duration C6-C9 C10-14 C15-28 C29-36 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
US3 1 year ARI 65 mm/hr 390 340 nd nd 420 nd 590 nd 
 1 year ARI 86 mm/hr 66 76 nd nd 240 150 130 nd 
 1 year ARI 115 mm/hr 300 320 nd nd 150 nd 140 nd 
 2 year ARI 65 mm/hr 290 320 nd nd 340 100 570 nd 
 2 year ARI 86 mm/hr 390 370 nd nd 180 110 140 nd 
 2 year ARI 115 mm/hr 350 350 nd nd 150 nd 180 nd 
 2 year ARI 133 mm/hr 390 350 nd nd 200 220 150 nd 
 5 year ARI 133 mm/hr 330 340 nd nd 160 160 nd nd 
 10 year ARI 65 mm/hr 240 250 nd nd nd 110 nd nd 
 10 year ARI 86 mm/hr 330 320 nd nd nd nd nd nd 
 10 year ARI 115 mm/hr 290 280 nd nd nd nd 110 nd 
 10 year ARI 133 mm/hr 320 310 nd nd 120 nd 110 nd 
 
Note: 
nd Not detected 
nt Not tested 
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Table C6 – Wash-off samples (Polycyclic Aromatic Hydrocarbons) 
T
es
t s
ite
 
Simulated rain event PAH (mg/L) 
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PS1 1 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
PS2 1 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 
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Simulated rain event PAH (mg/L) 
ARI & duration Napthelene Acenaphthalene Acenaphthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Benz(a)anthracene Chrysene 
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
T
ot
al
 
D
is
so
lv
ed
 
PS3 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
PS4 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt 1.35 nt 0.3375 nt 2.025 nt 2.025 nt 1.0125 nt 0.675 nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt 0.77143 nt 0.19286 nt 1.15714 nt 1.15714 nt 0.57857 nt 0.38571 nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt 0.41538 nt 0.10385 nt 0.62308 nt 0.62308 nt 0.31154 nt 0.20769 nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt 0.36 nt 0.36 nt 0.18 nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
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Simulated rain event PAH (mg/L) 
ARI & duration Napthelene Acenaphthalene Acenaphthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Benz(a)anthracene Chrysene 
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PS5 1 year ARI 65 mm/hr nd nt nd nt nd nt 0.3 nt 0.6 nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt 0.17143 nt 0.34286 nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt 0.09231 nt 0.18462 nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
PS6 1 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 0.25 nt 0.25 nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 0.14286 nt 0.14286 nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd 0.07692 nt 0.07692 nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd nd nd nd nt nd nt nd nt nd nt 
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Simulated rain event PAH (mg/L) 
ARI & duration Napthelene Acenaphthalene Acenaphthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Benz(a)anthracene Chrysene 
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US1 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
US2 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
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Simulated rain event PAH (mg/L) 
ARI & duration Napthelene Acenaphthalene Acenaphthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Benz(a)anthracene Chrysene 
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US3 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt nd nt 
 
Note: 
nd Not detected 
nt Not tested 
 
 
  107 
Table C6 – Wash-off samples (Polycyclic Aromatic Hydrocarbons) contd. 
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Simulated rain event PAH (mg/L) 
ARI & duration Benzo(b)&(k)fluoranthene Benzo(a)pyrene Indeno(1,2,3 -cd)pyrene Dibenz(a,h)anthracene Benzo(g,h,i)perylene 
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PS1 1 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd 
PS2 1 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd 
 1 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd 
 2 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd 
 5 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 65 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 86 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 115 mm/hr nd nd nd nd nd nd nd nd nd nd 
 10 year ARI 133 mm/hr nd nd nd nd nd nd nd nd nd nd 
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Simulated rain event PAH (mg/L) 
ARI & duration Benzo(b)&(k)fluoranthene Benzo(a)pyrene Indeno(1,2,3 -cd)pyrene Dibenz(a,h)anthracene Benzo(g,h,i)perylene 
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PS3 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
PS4 1 year ARI 65 mm/hr 1.35 nt 0.675 nt 0.3375 nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr 0.771428571 nt 0.38571 nt 0.192857143 nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr 0.415384615 nt 0.20769 nt 0.103846154 nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
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Simulated rain event PAH (mg/L) 
ARI & duration Benzo(b)&(k)fluoranthene Benzo(a)pyrene Indeno(1,2,3 -cd)pyrene Dibenz(a,h)anthracene Benzo(g,h,i)perylene 
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PS5 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
PS6 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
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Simulated rain event PAH (mg/L) 
ARI & duration Benzo(b)&(k)fluoranthene Benzo(a)pyrene Indeno(1,2,3 -cd)pyrene Dibenz(a,h)anthracene Benzo(g,h,i)perylene 
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US1 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
US2 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
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Simulated rain event PAH (mg/L) 
ARI & duration Benzo(b)&(k)fluoranthene Benzo(a)pyrene Indeno(1,2,3 -cd)pyrene Dibenz(a,h)anthracene Benzo(g,h,i)perylene 
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US3 1 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 1 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 2 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 5 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 65 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 86 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 115 mm/hr nd nt nd nt nd nt nd nt nd nt 
 10 year ARI 133 mm/hr nd nt nd nt nd nt nd nt nd nt 
 
Note: 
nd Not detected 
nt Not tested 
 
